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Successful 15th Annual Meeting 
Enhanced Kentucky Hospitality 


FPRS EXECUTIVE BOARD Back row, left right: Regional Board Members, James 
Love, South-Central; Eric Anderson, Northeast; Arthur Muschler, North-Central; Wal- 
ton Smith, Southeast; and MacGregor Graham, Southwest; and Executive Secretary, Kenneth 
Huddleston. Front row, left right: Executive Board Members, Harrar, Past 
President; Veazey, President-elect; Raymond Berry, Past President; Donald 
Saunders, President; Fred Dickinson, Vice-President; and Robert Northwest. 


More than 500 FPRS members and 
guests attended the Society’s 15th An- 
nual Meeting Louisville, Ky., June 
They were rewarded with in- 
valuable technical 
kling social activities, and the untir- 
ing efforts gracious host—the 
Ohio Valley Section—to 
stay profitable, pleasant, and 
pleasurable. 

General Chairman Carl Trinkle and 
his hardworking Meeting Committee 
were commended not only the Exec- 
utive Board and other Society officers 
but were soundly applauded the 
entire group delighted registrants. 

complete report the meeting 
will published the September 
Yearbook Issue (formerly published 
October) the but here are 
few the highlights some the 
more important business conducted. 


New Officers 


The report the Tellers Commit- 
tee, presented Jeter Eason, an- 
nouncec the election the following 
executive officers and board members: 
President, Donald Saunders, Saun- 
ders Brothers, Westbrook, Maine; 
President-elect, Veazey, Ana- 
conda Co., Bonner, Montana; Vice 
President, Dickinson, Univer- 
sity California, Forest Products 
Laboratory, Richmond, Calif. 


2-A 


MacGregor Graham, Tim-Con, Inc., 
Richmond, Calif., was elected South- 
west Regional Board Member, and 
Muschler, Edward Hines Lum- 
ber Co., Chicago, was elected 
Northcentral Regional Board Member. 


Continuing Board Members are: 
Smith, Southeastern 
Forest Experiment Station, Asheville, 
New York State University, Syracuse; 
Northwest—R. Seidl, Simpson Tim- 
ber Co., Seattle, Wash.; South-Central 
—James Love, Diboll, Tex. 


Ways and Means Committee 


Kreider, Chairman the 
Ways and Means Committee, presented 
various proposals whereby the dues 
structure for supporting members 
would placed sliding scale 
based annual sales. The Executive 
Board studying these 


Division Business Meeting 


The Louisville Meeting provided 
excellent opportunity for the various 
Divisions strengthen their reorgani- 
zation. Plans were made for the com- 
ing activities, and division 
officers were elected. All officers and 
complete reports the meetings will 
published the September 
book Issue. 


from the 
President’s Desk 


relatively few Society mer 
bers can attend annual mee 
ing; fewer still attend several annuc 
meetings. you already regret missir 
this year’s meeting Louisville bit 
1962, these reflections the 
national meetings, particularly 
will give you hint 
flavor. 


For both men and wives who reg 
larly attend, the meeting becomes 
reunion with friends who, despite 
frequent association, have become 
prisingly close. Wives delight ths 
chance for vacation, sleep late 
children have been left behind, sho 
and enjoy interesting tours. 


The men find themselves 
voted work. Aside from the technic 
sessions and committee meetings, kno 
men form the restaurants 
times, the cheerful lines creeping 
toward the buffet the Paul Bunyca 
party, and all hours near the 
ing rooms and registration desk. De- 
spite the informal atmosphere, talk sei- 
dom strays from the field wood and 
its allied activities. 


ms 


Since everyone seems readily amen- 
able, registrant finds himself reserv- 
ing subjects for discussion with author- 
ities his field. the end, feels 
fortunate has covered all his prob- 
lems the degree first intended. 


returns home filled with the satis- 
faction answers his problems, and 
usually has some new thoughts his 
own field, roused papers dis- 
cussion. Most important, has num- 
ber intriguing ideas generated dur- 
ing the free and informal face-to-face 
exchanges. This what appears 
most value him, perhaps because 


Travel and registration fees often 
momentarily loom high man’s mind, 
although rule registration fees 
barely allow the local committee re- 
lax the time the meeting reaches 
full swing. point incidental interest 
that typical committee, during the 
time planning meeting, incurs 
sum costs time and salary its 
members their affiliated organiza- 
tions about equal the budget for 
operating the meeting. 


Neither the committee’s most effective 
advance publicity nor the published 
accounts technical presentations con 
indicate all that registrants can take 
home with them. The full attendance 
functions and other evidence show 
that registrants come national meet- 
ings with serious intent. With this atti- 
tude, registrants are certain return 
home feeling that they put inten- 
sive week, but also with convicticn 
that their time and efforts were 
rewarded. 
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The little fellow above was designed 
ecifically help promote FPRS Mid- 
South Section’s Southern Wood Expo- 
and its nation-wide contest 
new ideas for wood products. 

The Exposition and contest will 
held conjuction with the Mid- 
South’s Annual Meeting Jackson, 
Miss., Oct. 

Barky’s creator, Harold Davis, edi- 
DIXIE LUMBERMAN FOR- 
ESTER, believes the unique little fig- 
ure can help the entire industry pro- 
mote wood products. has available 
one two color mats for publica- 
tion purposes, and can arrange for 
hand stamps, letterhead and 
mailing labels. 

For additional information write: 
Harold Davis, Southern Wood Expo- 
sition, Room 447, King Edward Hotel, 
Jackson, Mississippi. 


Mid-South’s John Squires 


John Squires, (left), Jackson, 
Miss., chief forester for Sears, Roe- 
buck and Co., and chairman FPRS 
Mid-South Section, received the Out- 
sippi from Henry Clepper, executive 
secretary the Society American 
Foresters. The occasion was the annual 
meeting the Gulf States Section 
SAF, held Biloxi, Miss., May 

Chairman Squires was also recently 
elected chairman Governor Ross 
rnett’s Forestry Advisory Committee. 


Wood Fuels Protect Crops 


tant advantage wood fuels over 
other fuels for protecting orchards 
from frost, according Corder, 
research engineer the Oregon Forest 
Research Center, Corvallis. study 
made near Medford, cost wood 
fuels was close cost oil for equiv- 
alent heat produced. 

Most promising applications 
wood fuel for protection crops ap- 
peared wood briquets burned 
cans, slabs and edgings banded 
bundles for open burning. With either 
method, initial investment capital 
was less than with return stack oil 
heaters, common method 
now followed, Corder stated. Because 
this advantage, wood fuels merit 
special consideration for marginal heat- 
ing for infrequent frosts and emer- 
gency heating for uncommonly low 
temperatures. 

Because high costs transporta- 
tion associated with heavy fuels, wood 
fuels must used near the area 
production competitive. Wood 
briquets also must protected against 
exposure moisture. Plastic and as- 
phalt-treated bags have been used 
some growers protect briquets the 
field before burning. 


Refuse Russian Business 


inspiring example the plac- 
ing principle before profit, two 
Seattle suppliers the lumber indus- 
try have recently refused profitable 
proposal, approved the State De- 
partment, that would help Russia build 
“the largest and most highly auto- 
mated sawmill the accord- 
ing the Seattle Daily Times. 
Hillman, head the Republic Elec- 
Development Company, and 
Gordon Anderson, president 
Puget Sound Fabricators, Inc., acting 
principle, have turned down op- 
portunity provide Russia six auto- 
matic lumber sorters estimated 
$150,000 sale price and profit 
$40,000. 

Hillman was quoted the Times 
saying that Republic Electric would 
“have part handing the advan- 
the Russians close the gap 
the superiority North American 
technical know-how from years 
Anderson, whose firm was 
supply fabricated portions the six 
REDCO patented memory-control sys- 
tems, stated his company will have 
nothing with aid and 
comfort 


Wood Composition Board 
Meeting October 


Wood composition boards will 
the subject special two-day meet- 
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McCormick Place, Chicago, the 
FPRS Midwest Section, according 
announcement Willard Gul- 
licksen, section chairman and presi- 
dent Churchill Cabinet Co., Chi- 
cago. 

The program, under James EIf, 
National Starch Chemical Corp., 


meeting chairman, will enable produc- 


ers hardboard, particle board, and 
insulating board present latest de- 
velopments and trends their respec- 
tive product categories and exchange 
ideas application problems and re- 
quirements with industrial users. 

User viewpoints will presented 
representative manufacturers pre- 
fabricated and precut houses, plywood, 
laminated products, kitchen cabinets 
and countertops, furniture 
nets, mobile homes, architectural wood- 
work, and others. 

Composition board finishing prob- 
lems and developments also will 
discussed, and question-and-answer 
session will featured the second 
day. The Midwest Section will hold 
its annual business meeting the first 
evening. More details come. 


U.S. Plywood Acquisition 


The acquisition United States 
Plywood Corporation Western Ply- 
wood Company Ltd., with annual 
sales $18 million, was announced 
wood chairman, said the addition 
Western’s six manufacturing plants 
and eight distribution outlets Can- 
ada round out his company’s 
coverage all major markets the 
Dominion. 


The transaction was completed for 
about $6.5 million, and will result 
the issuance approximately 110,000 
former Western Plywood holders. The 
balance being made un- 
disclosed amount cash. This be- 
lieved the largest single trans- 
action Canadian plywood history. 


NAFM Fall Conference 


The development labor rela- 
tions conference sponsored 
the National Association Furniture 
Manufacturers the fall was ap- 
proved recently the group’s Board 
Directors. John Snow, NAFM 
executive vice president, said location 
and date the conference will an- 
nounced later. The NAFM board ap- 
pointed Harold Sprunger, presi- 
dent, Dunbar Furniture Corp., and 
past president the association 
head nominating committee select 
new directors elected the 
NAFM annual meeting September 18. 
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MID-SOUTH OFFICERS AND DIRECTORS early planning session for the 
Meeting Jackson, Miss., Oct. Left right are: Don Fassnacht, New Orleans; Carlton 
Smith, Memphis; Dr. William Hopkins, State University; John Squires, Section 
Chairman, Jackson; James Love, Regional Board Member, Diboll, Texas; and Dr. Robert 


Clapp, Mississippi State University. 


Mid-South Annual Meeting, October 11-13 
Will Include Southern Wood Exposition 


Other Features: 


Nation-Wide Contest New 
Wood Products with $1300 
Prizes 


Mississippi Forestry Days 
Coronation Forest Queen 


Foresiry and Forest Products Parade 


October through the 13th, 
Jackson, Mississippi will the scene 
one the largest forestry and for- 
est products events the Nation. Ac- 
tivities scheduled for the three-day pe- 
riod include the Annual Meeting 
FPRS Mid-South Section, Mississippi 
State Forestry Days, and the Southern 
Wood Exposition, sponsored 
Mid-South Section. 


unique feature the meeting 
will the announcement winners 
the Wood Products Contest,’ 
with grand total more than $1300 
prizes. The contest open any 
citizen the United States years 
older, and entries will accepted 
until midnight September 30. 

qualify, entries must actual 
objects made wood, either natural 
form reconstituted. Entries will 
judged craftsmanship, 
and promise for industrial 
Grand prize $500. For additional 
information write: New Wood Prod- 
ucts Contest, Southern Wood Exposi- 
tion, Room 447, King Edward Hotel, 
Jackson, 


Registration tor the 


will begin the 
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October the King Edward Hotel. 
The general meeting and technical ses- 
sions will held the 12th. DeVere 
Dierks, Dierks Forest Products, 
Hot Springs, Ark., program chair- 
man. will assisted Dr. Wil- 
liam Hopkins, Louisana State Uni- 
versity, and Donald Fassnacht, 
Southern Forest Experiment Station, 
New Orleans. 


The Southern Wood Exposition will 
feature the latest developments for- 
est products machinery and equipment. 
Display booths will open through- 
out the days the gathering the 
King Edward. Exhibitors from all over 
the nation will attendance, and 
their displays will both educational 
and entertaining. Entries the 
Wood Products will also 
displayed. 

The Section will hold its Annual 
Banquet the King Edward Hotel the 
evening the 12th. Sears Contest 
Winners the Mississippi Forestry 
Association will banquet the same 
evening. 

The Ferestry and Forest Products 
Parade, which will sponsored the 
Mississippi Manufacturers Association, 
will take place Friday morning, and 
climax with the coronation the Mis- 
sissippi State Forest Queen the Fair 
Grounds, where the State Fair will 
Session. 

joint banquet planned for Fri- 
day noon for FPRS members, Sears 
Contestants, Board Directors the 
Forestry Association, mem- 
bers the Forestry and 
Forest Queen Contestants. 

The entire program will conclude 
Friday afternoon, October 13. 


NEW TRANSFER 
MEMBERS JUNE 


Section Officers please note. 
month will publish the new 
transferred-into-the Section 
for the previous complete month. 
members are listed boldface ty; 
transfers regular type. 
parentheses after the na: 
indicate: (A), associate; (V), 
(s), student; and (S), supporting. 

This month are pleased 
nounce new Supporting Member 
the Mid-South Section. Welcome 
Sissell, designated represer 
tive Robertson Tank Lines, 
Box 241, Evadale, Texas. 


Ralph Hoffman (A), Dargan 
ber Mfg. Co., Box 327, 
way, 

Clark (V), 2947 Hickory 
Alexandria, Va. 

Waverly, Va. 

Llewelyn Williams (V), Box 
Beltsville, Md. 


GREAT LAKES 


Rogers (V), American—Mari- 
etta Co., 3rd St., Newark, 
Ohio 


MID-SOUTH 


Buckman (V), Buckman Labo- 
ratories, 1256 McLean 
Blvd., Memphis Tenn. 

Cobb (s), 804 Auburn, Mon- 
roe, La. 

James Cooley (s), Box 5485, 
Baton Rouge La. 

Geary, Okla. 

Kehrin (V), The Sherwin- 
Williams Co., 5638 Lovers 
Lane, Dallas, Tex. 

Sissell (S), Robertson Tank 
Lines, Inc., Box 241, Eva- 
dale, Tex. 

Lt. Davis (A), Traron Seven, 
NAAS, Meridian, Miss. 

Wooden (s), Durkee Road, 
Cleveland, Tenn. 


MIDWEST 

Court, Ames, Iowa 

Lewis (s), 1820 Summit Ave., 
Madison, Wis. 

Oviatt (V), 606 Kenilworth 
Road, Palatine, 

Rice (V), 813 Skyline Drive, 
Carbondale, 


NORTHEAST 
Sirfraz Ahmed Kahn (A), Wood 


Products Engineering, State 
lege Forestry, Syracuse, 
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NORTHERN CALIFORNIA 

Coonan (V), Mandrel Indus- 
tries, Inc., 176 Harcross Rd., Wood- 
side, Calif. 

Ball (V), Sequoia Forest In- 
dustries, 305, Dinuba, 
Calif. 

Bishop (V), USOM-ICA- 
APO 928, San Francisco, Calif. 
Washburn (s), 3638 Fly 
Training Sqdn., (Heli), Box 70, 

Stead AFB, Nev. 


OHIO VALLEY 

Scott (A), Devoe Raynolds 
Co., Inc., Box 328, Louis- 
ville, Ky. 

PACIFIC NORTHWEST 

Duncan (V), Pacific Adhe- 
sives Co., Inc., Brewer Lane, 
Eugene, Oreg. 

LaBar (V), Box 427, Mapleton, 
Oreg. 

Root (V), Weyerhaeuser Co., 
2840 Maryland St., Longview, 
Wash. 

Tindolph (s), 6215 Mon- 
tana, Portland 17, Oreg. 


PACIFIC SOUTHWEST 
Kidd (s), 1362 Rodeo Drive, 
Jolla, Calif. 


SOUTHEASTERN 
Weidman (A), 2213 Fairway 
Circle, E., Atlanta, Ga. 


Walt Smith Reports: 


Enthusiasm FPRS 
Membership 


Louisville meeting set new 


search Society. Harry Russell the 
Mid-South Section showed 
could done last year going way 
over the top 156 percent his goal 
and thereby winning the 
hand-carved cherry setter for his desk. 
Close behind Harry were Ripley, 
the Pacific Southwest and Paul 
Bois the Southeast. 

The new goals for the coming year 
were established the annual mem- 
bership committee meeting Louis- 
ville and are published this page. 
Something new has been added—a 
goal for supporting members well 
one for voting and associate mem- 
bers. trophy will awarded for 
the Spokane meeting. 

Help your membership chairman 
piss his goal. Remember that you are 
your friend real favor when 
you encourage him the Forest 
Products Research Society. This 
seeking charitable support— 
member gains far more information 


membership the Forest Products Re- 
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SECTION MEMBERSHIP GOALS 


New 


Quota! 


South—Central Regional Board Member, 
James Love (left), accepts Member- 
ship Trophy behalf Russell, Rus- 
sell Dry Kiln Co., Fordyce, Ark., and Mem- 
bership Chairman FPRS Mid-South Section. 
The award, beautifully finished, solid 
cherry carving Irish setter, was pre- 
sented National Membership Chairman 
Walton Smith. 


and help from FPRS membership than 
could get anywhere else enorm- 
ous cost. 

Which Section will over the 
Walton Smith, FPRS Na- 
tional Membership Chairman. 


Wanted: 331 New Members June 1962 


Members 


Section Section Goal 
Midwest 
Ohio -Valley 
Great Lakes 
Upper Mississippi Valley 
Mid-South 
Northeast 
Eastern Canadian 
Carolinas—Chesapeake 
Southeastern 
Pacific 
Inland Empire 
Northern California 
Rocky Mountain 
Pacific Southwest 

Total 300 


Membership Chairmen are: Midwest, Newstedt; Ohio Valley, 
Seng; Great Lakes, Franz; Upper Mississippi Valley, Wise; 
Mid-South, Russell; Northeast, McCormack; Eastern Canadian, 
Bois; Pacific Northwest; Tom McKenna; Inland Empire, McNett; 
Northern California, Collins Orton; Rocky Mountain, Bader; Pacific 
Southwest, Ripley, Jr. Help Your Membership Chairman Meet His 


Percent Goal for New Percent 
Goal Supporting Goal 
Attained Members Attained 

2.2 


Eastern Canadian Section 
Awards Two Fellowships 


Because extremely close con- 
test this year, FPRS Eastern Canadian 
Section has announced that their an- 
nual $1500 fellowship 
graduate research studies 
products research will split between 
two outstanding students. 

Winners the award, each 
whom will receive $750, are: Emil 
Ouellette, Quebec, and David Du- 
brule, Fredericton, 


Ouellette, student the Univer- 
sity Laval, will use the fellowship 
proceed with his studies the final 
degree wood technology Laval. 

Dubrule, graduate the Univer- 
sity New Brunswick, will use his 
award for graduate study forestry 
Yale University. 

Both awards will formally pre- 
sented the next meeting the East- 
ern Canadian Section later this year. 

The fellowship, which will 
granted annually, limited gradu- 
ates from universities within the boun- 
daries the ECS Section, including 
Manitoba, Ontario, Quebec, and the 
Maritime Provinces. 
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Willard Gullicksen, president, 
Churchill Cabinet Co., Chicago, IIL., 
and chairman FPRS Midwest Sec- 
tion, recently presented Society mem- 
berships two students the Uni- 
versity Illinois. 


The memberships were granted 
John Duff, senior, and James Whith- 
ington, junior, the University’s For- 
estry Club banquet last May. 


The Midwest Section grants annual 
awards wood technology students 
who are outstanding because schol- 
arship, professional promise, and per- 
sonality. Candidates for the award are 
selected the faculty. 


Left right the photo are: Dr. 
Spaeth and Professor Wal- 
ters, University Illinois; Chairman 
Gullicksen; and award winners James 
Whithington and John Duff. 


Vanishing Species 


The Kirtland’s Warbler the sole 
species bird which nests Michi- 
gan and nowhere else the world, 
says Dr. Harrison Tordoff, Univer- 
sity Michigan associate professor 
zoology and curator birds. The bird 
winters the Bahamas and covers the 
distance between there and its breed- 
ing grounds Michigan 
that seldom seen migration. 
The Kirtland’s Warbler fairly large 
for warbler, bluish gray the back, 
with yellow breast and 
streaks. Its song loud, clear and fre- 
quent. 


During nesting season the Kirtlands 
habitat restricted groves 
young jack pines which must be- 
tween five and feet. The nest 
placed the ground under the jack 
pines which grow areas cleared 
forest fires. With the increasing con- 
trol forest fires however, the avail- 
able habitat has decreased that the 
birds are much less numerous now 
than years ago. 
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Midwest Section Presents Student 
Membership Awards 


The Joint Paint-Lumber Industry 
Steering Committee, cooperative 
group formed prolong the life 
paint exterior wood, held its first 
meeting recently Francisco. 
From left, standing: Francis Scofield, 
Assistant Technical Director, National 
Paint, Varnish and Lacquer Associa- 
tion; Pahl, Director Research, 
Nichols, Vice-President and Director 
Research, DeSoto Chemical Coat- 
ings, Inc.; Gerald Prange, Vice- 
President, Technical Services, National 
Lumber Manufacturers Association. 


Joint Industry 
Steering Committee 


Seated: William Van Becku 
(chairman), Vice-President, The 
cific Lumber.; Arthur Lahey, 
rector Technical Services, Southe 
eral Manager, Industrial Sales 
sion, Sherwin-Williams 
Laughnan, Chief, Coatings 
Simpson Timber Co., and 
don, Manager, Sales Development 
oratory, Pont Nemours Co. 

Mr. O’Brien served alternate for 
DeVere Dierks, Jr., Vice-President 
Dierks Forests, Inc. 


Harnischfeger Report 


Despite tighter markets and more 
aggressive competition for all five 
its major product lines, Harnischfeger 
Corp. Milwaukee finished the first 
half the 1961 fiscal year with 
slightly better sales volume than for 
the similar period last year. According 
interim report mailed the 
3,000 shareholders, sales 
“P&H” products for the six months 
ending April stood $39,665,152 
for increase $247,276 over the 
$39,417,876 sales mark for the first 
six months last year. Copies the 
complete report are available. 


Koppers Research Center 


The Koppers Company, Inc., will 
dedicate its new Research Center the 
end August Pittsburgh, Pa. Kop- 
pers leading producer wood 
products and one the nation’s out- 
standing developers wood preserva- 
tion treatments—the new center pro- 
vides for extensive research these 
areas. 


Forestry Musicale 


The world’s most musical forest 
pathology students 
cently for the 34th annual University 
Michigan May Musicale. The May 
Musicale traditionally falls the first 
night after the Philadelphia Orchestra 
performance the fa- 
mous Ann Arbor May Festival. 


Staged and for present and past 
U-M students forest pathology, and 
their guests, the program takes the 
form musicale with 
textbook, “Pathology Forest 


The theme the musicale takes the 
form review the forest and 
timber pathology courses—with Pro- 
fessor Baxter asking, for example, 
“Where was chestnut 
duced the United and the 
answer, New York, leading into 
musical number built around “East 
Side, West Popular 
ceived new lyrics. “April Showers’ 
comes out like this: The bugs and 
beetles/will come your 
kill the branches/that green 
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Prefinished Wood Siding 


major technological breakthrough 
the development factory prefin- 
ished wood siding has been announced 
The Pacific Lumber Company. News 
the important accomplishment was 
nade coincident with the completion 
Palo Alto, California, the first 
veral demonstration houses planned 
the United States. William 
Van Beckum, Vice President for 
and Development Pacific, 
ade the disclosure and added: 
the first time that entire house 
his been sided with completely pre- 
painted wood siding requiring 
painting the job site. This par- 
ticular installation 
PALCO kiln dried, vertical grain red- 
wood 


important feature the Com- 
prefinished system the elimi- 
nation nailing through the siding. 
This results final end the oc- 
currence paint failure nail heads. 
Also, since nails not through the 
siding, damage that might result from 
careless nailing precluded. 


CONVERT 


Department 
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CROSS SECTION 


Thank You, ACS 

Gentlemen: wish could tell you 
terms dollars and cents donated, 
and lives saved, what your publica- 
tion American Cancer Society ad- 
vertisements has accomplished. can- 
not. But can tell you that the consist- 
ent cooperation the magazine in- 
dustry over the years has been tre- 
mendously important the success 
the Society’s lifesaving and fund-rais- 
ing programs. 

That, know, satisfaction enough 
for you. However, would like add 
own deep appreciation your 
generous allocation space the 
Society’s recent Crusade messages, and 
tell you how much your support has 
meant the 2,000,000 dedicated vol- 
unteers who themselves such 
superb job for the Society. 


Sincerely, 
WILLIAM Lewis, Chairman 
Public’ Information Committee 
American Cancer Society 


SEE YOUR JAY BEE DISTRIBUTOR WRITE: 


J.B. SED 
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Voice Membership 


Clarke Transferred 


Executive Secretary: Effective July 
being transferred the Wash- 
ington, C., office the For- 
est Service and cannot continue 
serve Chairman the PNW Sec- 
tion FPRS after that date. Don Bur- 
net, present Vice-Chairman, will as- 
sume FPRS duties. Don and the 
Executive Board are very capable 
carrying out the added responsibilities. 


regret that term office will 
cut short. The past years 
officer the PNW Section have been 
most enjoyable and rewarding and 
hope able serve the Society 
the future. 


Very truly yours, 


Chairman 
PNW Section FPRS 


MODEL 
INDUSTRIAL 
HAMMERMILL 


Jay Bee’s world-renown 
hammermills can make 
more money for 
converting wood scraps 
and shavings into profit- 
able by-products, used 
every day for fuel, roof- 
ing materials, pressed 
board and other wood 
composition products. 


BERRY, INC. 


TYLER, TEXAS FRANKLIN, TENNESSEE 
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New Panel Trimmer 


TAB, now the Construction Auto- 
mation Division Clary Corporation, 
has introduced their new automatic 
panel trimmer, said company offi- 
cials the first machine its type. 
The automatically 
squares, lengths and bevels panels 
wood, formica, masonite, and alumi- 
num. addition the wide variety 
materials handled, the panel trim- 
mer said company officials 
fraying and chipping ex- 
pensive veneers and other “high 
materials. 

The secret precision built into 
the panel trimmer lies the system 
the material and the over 
oil” system actuating the beveled 
cutting blade. The material placed 
the lip the machine and against 
ful, compressed air actuated, surface 
clamp grips the material 
tween the vertical arm and the power 
plant housing. 

When the control button pushed, 
compressed air forces the oil raise 
the blade through the material 
smooth, controlled motion. The 
blade maintains constant 
while the speed which moves 
through the material variable. Write 
for additional information. 
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Bulletin Sorting Systems 


bulletin from Moore Dry 
Kiln Company available. 
scribes how reduce sorting costs 
methods developed Moore engi- 
neers. has been found that the sort- 
opportunity reduce costs 
than almost any other operation. This 
bulletin available upon request. 
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Log Handling Movie 


new mm. sound and color 
movie that describes the 30-ton ca- 
pacity Series Log Stacker has just 
been released LeTourneau, 
Inc. new film illustrates the applica- 
tion LeTourneau Log Stacker 
busy mill yards. also describes the 
methods and advantages dry log 
handling. 

Viewers can, the last half the 
film, see general round-up job 
applications different saw mills 
Washington and Oregon where on- 
the-spot movies were taken Le- 
Tourneau Log Stackers going through 
their paces. For the mill owner inter- 
ested larger than average truck 
loads logs, there’s section about 
the giant 50-ton capacity machine that 
can unload off-highway load one 
big bite. Copies this film may 
borrowed. 
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New Magnet 


new permanent magnet, Alnico 
VIII, was announced today Cru- 
cible Steel Company America. Mr. 
Scharnberger, Product Division 
Manager, stated: are now pre- 
pared accept production orders 
Alnico VIII for prompt 

the past, there were many appli- 
cations for permanent magnets where 
severe temperatures and other environ- 
mental conditions made their use im- 
practical. Now, these properties 
Alnico VIII, coupled with excellent 
temperature stability, allow 
design. data sheet available upon 
request. 
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Polishing Machine 


new four-page bulletin illustrates 
and describes the new Model S-101 
Automatic Polishing Machine recently 
introduced Yates-American, Beloit, 
Wisconsin. This high production ma- 
chine, especially designed produce 
superior, precision-controlled 
sheet type utilizes 
wheel drum abrasive impregnated 
nylon. Typical applications include: 
finish white wood sanding, sealer and 
filler coat sanding, and polish sanding. 
The oscillating wheel drum 
tioned directly over the work, and 
easily adjusted for abrasive-to-stock 
contact, quickly removed for chang- 
ing grade renewing the abrasive. 
Abrasive-to-stock contact controlled 
automatic sensing device which 
actuates the air-operated mechanism 
that raises and lowers the abrasive 
drum. 
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Moisture Detector 


new heavy-duty moisture 
which indicates moisture content 
percent percent has been intr: 
duced Standard Dry Kiln 
Inc. This unit, known Model 
designed for checking both 
moisture and deep core moisture. 
features wide, easy-to-read dial 
three separate ranges and calibrate 
for accuracy percent. can 
used under high temperature cond 
tions inside dry kilns, storage 
and driers well the open 

Weighing less than two pounds, the 
compact Model 100 nevertheless 
built for heavy-duty service. 
corporates printed circuit and tran- 
sistors are used throughout provide 
high stability. durable carrying case 
with shoulder strap leaves both hands 
free handle the probes. Power 
furnished inexpensive transistor- 
type mercury batteries which are avail- 
able almost any drug store pho- 
tography supply shop. Telephone-type 
probe connecting cords plug directly 
into the instrument. Details may 


obtained. Circle Item 


Truck Fleet Leasing 


second edition its popular 
study analyzing the merits and 
merits truck fleet leasing plans com- 
pared with company ownership 
just been published the Foundation 
for Management Research. 
titled: Fleets: Lease Buy? 
Analysis Truck Transportation 
The 32-page study has been re- 
vised include data from new 
vey covering fleet operation practices 
more than 4,500 corporations, 
well leasing plans offered na- 
leasing organizations. 
Single free copies may obtained. 
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Pneumatic Sealer 


description the, Acme Steel 
Model C12 pneumatic sealer, hand 
tool designed for applying seals all 
sizes regular-duty steel strapping 
contained newly available prod- 
uct data sheet. Details and brief 
plication information included 
Copies the data sheet, form AD382, 
are available. 

Circle Item 
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Protection For Boiler Users 


Boiler purchasers can now, for the 
irst time, acquire hot water boilers 
with three-year guar- 
against damage from so-called 
‘thermal shock,” source many 
failures. This means that boiler 
and specifying engineers are 
against loss from structural 
ailures boiler pressure vessel usu- 
attributed flow rate tempera- 
differences return water. 

The unprecedented guarantee was 
announced Russell Emrich, Sr., 
President, Boiler Engineering Sup- 
ply Co., Inc., Phoenixville, Pa. The 
guarantee applies the company’s 
Continental automatic packaged boil- 
ers used for industrial, institutional, 
and commercial applications. Further 
information available. 
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New Face Brick 


line face brick, said have 
the durability China’s Great Wall, 
the latest product United States 
Plywood Corporation subsidiary, Na- 
tional Brick Corporation. The new 


George Kogel, who heads the firm, 
will known Colorgard. be- 
ing offered eight colors—white, 
pink, red, tan, yellow, and 
green. 

The new brick can turned out 
the rate 200,000 per eight-hour 
shift the company’s Long Island 
City plant. They are precision molded 
under tons pressure and are 
cured high pressure steam process 
which, Mr. Kogel says, me- 
chanical properties far superior 
those common clay 

use materials similar those 
used the Chinese when they built 
their Great Wall, which still 
good shape after centuries se- 
Mr. Kogel said. 
‘But we've added modern processing 

Outstanding features the brick, 
ccording Mr. Kogel, are uniform- 
size, load-bearing strength and 
locked color. The new 
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line brick lends itself faster, and 
therefore more 
laying, because easy the ma- 
son’s hands due smooth texture and 
square, clean edges. also has two 
faces and cuts cleanly. 


Steel Strapping Uses 


How the plywood industry can use 
steel strapping make pack- 
folder Acme Steel Company, Chi- 
cago. Included are Acme Steel recom- 
mendations for unitizing plywood 
panels into easily handled units, plus 
information box car loading 
units and efficient shipping quantities. 
Car loading, arrival condition, han- 
dling ease and warehousing efficiency 
are substantially improved the unit- 
izing method according the folder. 
Copies the folder are available. 
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1961 ASTM Publications 


The American Society for Testing 
Materials announces the availability 
62-page list publications. Pub- 
lished April this year, this list 
publications describes the Symposiums, 
Manuals, Special Publications, Indexes, 
Compilation Standards, Charts, Ref- 
erence Photographs and Reports pub- 
iished the Society through the years. 
More than 300 items are fully de- 
scribed, which are new and not 
previously listed. 


The publications cover all phases 
materials and their evaluations and are 
arranged conveniently titles and 
subject. convenient order blank 
bound into the catalog. The list 
publications may obtained free for 
the asking. Circle Item 


Standard Sizes from 
Wide Capacities 


Thickness 
Adjustment 


Single Double Coaters 
Patented Safety Control 


Patented Drip-Proof 
Reservoirs 


Precision Ground Rolls 

Ball Bearing Throughout 
Micrometic Adjustments 
Single Variable Speed 


Black Brothers heavy duty roller coaters 
apply paints, lacquers, finishes, sealers, sizes, 
varnishes, stains, waxes, fillers, protective 
coatings, base coats, drawing compounds and 
other coatings flat work such wood, 
metal, plywood, composition board, hard- 
wood, plastic, cardboard, cement board, etc. 


Reduce Costs Speed Production 
Improve Quality with 
BLACK’S HEAVY-DUTY ROLLER COATERS 


Speed accuracy cleanliness economy ... 
you benefit all ways with Black’s roller coaters. 
These heavy-duty machines are precision-engi- 
neered assure extra fine film thickness con- 
trol. Rugged, rigid construction eliminates 
costly production line breakdowns, prevents 
waste, maintains dependable high quality pro- 
duction. Put versatile Black’s roller coater 
work for you. There’s model job 


more efficiently, more economically. Write to- 
day for descriptive literature. 


THE BLACK BROTHERS CO., 12, Ill. Since 1882 
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Band Saw Guide 


new band saw guide, the Guidall 
Sr. 600, has been introduced the 
Carter Products Company, Inc. 
Grand Rapids, Michigan. 

Similar design the Guidall Jr. 
500, the new Guidall Sr. 600 features 
ball bearing thrust wheel 
port wheels, all patented eccentric 
adjusting studs. While 
mended for the extreme loads and 
speeds the Guidall 400, the new 
Guidall Sr. 600 ideal for loads 
10,000 fpm saws with blades 3/16 
inch inch wide, according 
the manufacturer. 
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Water Spray Keeps 
Abrasive Belts Flat 


Cupping coated abrasive belts 
excessively dry atmospheres can now 
eliminated reliably and small cost 
spraying the back the running 
belt with water. Careful hygroscopic 
testing proves that moisture reaches 
the workpiece. This treatment allows 
year-around use resin-bonded belts 
whose productivity the woodwork- 
ing industry may reach five times that 
the glue-bonded product, but which 
tend curl more severely dry 
climates. 

developed Behr-Manning 
product engineers, the system uses 
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coolant unit manufac- 
tured the Bijur Lubricating 
requiring only connection com- 
pressed air and electric lines. This 
equipment generates the spray intern- 
ally and maintains consistant output, 
which not possible with the ordinary 
water line the source. Once adjusted 
for the delivery rate which will keep 
the belt flat, the flow held constant 
pressure regulator. 

Operation the humidifier con- 
trolled solenoid valve which can 
connected through switch 
tied with the control circuit 
the sander. Water pumped very 
fine spray and small quantities 
through slotted orifice mounted 
flexible tubing. The 5-gal. container 
more than adequate for full work- 
ing day. Thorough testing proves that 
the workpiece not wetted; raising 
wood grain experienced. 
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Commercial Standard for 
Polyethylene Sheeting 


recommended Commercial Stand- 
ard for Sheeting for 
Construction, Industrial and Agricul- 
tural has been released 
the Commodity Standards Division, 
Office Technical Services, Business 
and Defense Services Administration, 
Washington 25, 

This recommended standard covers 
dimensional tolerances, intrinsic qual- 
ity requirements, and test methods for 
polyethylene sheeting for construction, 
industrial, and agricultural applica- 
tions. The dimensional tolerances in- 
clude thickness, yield, width, and 
length. The intrinsic quality require- 
ments include composition, appear- 
ance, impact strength, tensile proper- 
ties, reflectance, opaqueness (low lu- 
minous transmittance), and water 
vapor transmission. 

Copies the recommended stand- 
ard, designated TS-5534, are available 
request from the Commodity Stand- 
ards Division, Office Technical Serv- 
ices, Department Commerce, 
Washington 25, 
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Ready-to-Use Liquid Glue 


No. 6000, new ready-to-use liquid 
glue for edge-gluing, panel-to-frame 
construction and general assembly work 
has been announced National 
Casein Company, 601 80th Street, 
Chicago 20, 

The new glue has equal-to- better 
bonding strengths than can achieved 
with the finest polyvinyl liquid glues. 
Time under pressure also compares 
favorably with the fastest-setting poly- 
vinyls. 


Satisfactory bonds can produced 
temperatures low 50° This 
feature makes the glue especially prac- 
tical for shops which have difficulty 
maintaining proper gluing tempera- 
tures. 

Although No. 6000 easy 
spread, squeeze-out will not run out 
the glue line. This enables easier 
faster cleaning glued-up construc 
tion. 


Gap-filling qualities No. 6000 
excellent, and the glue line craze 
resistant. The glue lines 
heat well freezing. Block shea 
samples held 150° for 
show 100% wood failure when teste. 
accordance with ASTM D-905. 
means less sandpaper 
high-speed sanding, and little 
cold flow the glue lines under 
treme heat and humidity. 


Storage life nine months plus. 
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FIRE-SAFE 


CONSTRUCTION 


ideas action 


WITH NON-COM' FIRE-PROTECTED wooD 


Fire-Protected Wood 


Architects, engineers, building code 
and safety officials interested learn- 
ing more about fire-protected wood 
studding will find helpful information 
new four-page folder from the 
Wood Preserving Division Koppers 
Company, Inc. 

Titled Construction Ideas 
the illustrated folder tells 
how The Kroger Company saved valu- 
able time and cut costs using NON- 
COM fire-protected wood studding 
for the walls new store. 

On-the-job pictures show NON- 
COM being installed for permanent 
protection against fire, termites and de- 
cay. The easy-to-read literature also 
lists reasons why NON-COM has won 
the recognition architects and 
neers for many commercial and indus 
trial applications. 
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New Mater Carriage 


new carriage, called the Mater 
Super Standard Duty, now available 
trom Mater Division Appleton Ma- 
chine Co., Appleton, Wisconsin, and 
Corvallis, Oregon. The Mater Super 
Duty engineered meet 
demands for powerful dog- 
competitively priced carriage. 
particularly suitable for high 
pine mills, high production 
lardwood operations and second 
fir 

special feature the Mater Super 
Carriage the strong, full 
air operated dogging ac- 
Rugged dogging and firm 

back” for the logs give fast, 
ositive action. The dogs securely hold 


slippery and frozen logs under rough- 
est sawing conditions. This the same 
type dogging heretofore found only 
higher priced carriages. The Mater 
Super Standard Duty Carriage bridges 
the gap between the lower cost, low 
pressure dogs available for smaller 
mills and the much heavier carriages 
which now have been the only 
carriages available with powerful dog- 
ging. 


The Mater Super Standard Carriage 


all steel fabricated construction 
and comes two, three four blocks 
and openings from inches. 
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WCLA Commercial Structures 


Photographs picturing outstanding 
commercial buildings fill another new 
West Coast Lumbermen’s Association 
booklet, For Business.” 
wide range business buildings 
included, each using West Coast lum- 
ber achieve certain design objec- 
tive. Among the buildings pictured 
are banks, restaurants, motel, marina, 
medical clinics, fire station, funeral 
home and others. Each photograph 
accompanied explanatory text, 
pointing out the dimensions and spe- 
ces West Coast lumber used, and 
sting the architect designer the 
The booklets are available 
quantity without charge. 
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High Production Shaper 


Addition the low-investment, 
versatile Model R-72 Automatic 
Shaper has been added the wood- 
working machinery line 
American Machine Company, Beloit, 
Wisconsin, the result recent 
agreement with Rye Engineering 
Works Ltd., Buckinghamshire, Eng- 
land. Complete service for this ma- 
chine, well known and widely used 
the woodworking industry throughout 
the world, including engineering 
counsel, stock machines, factory 
trained service engineers, and large 
stock replacement parts, provided 
Yates-American through their main 
plant Beloit and branch offices 
Atlanta, Georgia and Portland, 
Oregon. 


Equipped with two independent di- 
rect motor driven cutter heads, the 
Model R-72 may set for rough 
cutting with the first head and finish 
cutting with the second head, result- 
ing faster production 
tially reduced material handling. This 
design also permits dual shaping and 
edging operations and single 
multiple-station set-ups. Spindles op- 
erate 9,000 rpm faster 
feeds and the use smaller cutters, 
providing smooth, quality 
Powered motors, the spindles 
accommodate wide range cutter 
equipment and maximum cutter 
block length inches. Write for 
complete information. 
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Management Courses 


The outstanding success the first 
nation-wide Building Industries Mar- 
keting Institute Purdue University 
last winter providing new concept 


management and sales training for 
the industry holds promise being 
repeated the second semi-annual 
course held this fall. The dates 
for the next course will September 
October Arthur Hood, di- 
rector has announced. 
will again offer courses general 
management, sales management, esti- 
mating, creative selling, and product 
knowledge. Companies may enroll for 
the management course retail sales 


‘training, and different individuals may 


attend various sessions. Fifty-nine 
companies, coast coast and Canada 
the Gulf, were represented 106 
individuals the first Institute. The 
enrollees came from states and 
provinces Canada, including 
cities the United States and cities 
Canada. 


Remote Control Carriage 
Setworks 


new remote control carriage set- 
works which provides low cost auto- 
mation for the smallest sawmill car- 
riages has been introduced Sel-Set 
Machinery Corporation, Salem Oregon. 
called the Thrift-O-Matic Uni- 
Pak. compact, only two pieces 
equipment are required for com- 
plete setworks—the control 
panel and the amazing new Uni-Pak. 


Thrift-O-Matic setting 
ing speeds are ample for fast sawing 
presetting positions available provides 
exceptional setting accuracy. The 
Thrift-O-Matic handles softwood logs 
length. For mills cutting larger than 
30-inch logs, and prime movers 
can furnished the Uni-Pak de- 
sign. special control han- 
dles are required with any Thrift-O- 
Matic More details may 
obtained. 
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Conveyor For Boxcars 


The touch button moves this 
new Power-Curve Conveyor inside 
box car truck—conveying all kinds 
packages, boxes, cartons, bags 
right the stacking point for ship- 
ment. then does the stacking with 
one man. 

series spring belts operating 
over grooved rollers that are mounted 
hinged frames forms the flexible 
conveying surface. discharges 
high speed belt that moves and 
down under power and from side 
side for effortless stacking pack- 
ages the operator. This conveyor 
also makes possible palletize in- 
side box cars trucks very low 
cost. eliminating hand carts lift 
trucks, one man can the loading 
formerly requiring crew. 
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COMING EVENTS 


Sept. 13-14: Northern Hardwood and 
Pine Manufacturers Assn., Northland 
Hotel, Green Bay, Wis. 


Sept. Semi-annual Meetings, West- 
ern Pine Association, Multnomah Hotel, 
Portland, Ore. 


Sept. 14-16: Annual Meeting, 16th An- 
nual Lake States Logging Congress, Tim- 
ber Producers Assn., Green Bay, Wis. 


Sept. 16-19: Annual Convention, Na- 
tional Assn. Furniture Mfrs., Hilton Ho- 
tel, Chicago, IIl. 


Sept. 17-20: Annual Convention, Inter- 
national Concatenated Order Hoo- 
Hoo, Hotel Americana, 


Fla. 


Sept. 19-22: Forest Industries Equipment 
Exhibition, Central 
Grounds, Ottawa. 


Sept. 22: FPRS Upper Mississippi 
ley Fall Meeting, Research Center, Min- 
nesota Mining Manufacturing Co., 
St. Paul Minn. 


Sept: FPRS Pacific Southwest 
Meeting, date and location 
nounced. 


Oct. 11-13: FPRS Mid-South 
Meeting, King Edward Hotel, 
Miss. 


Oct. 16-17: FPRS Pacific Northwest 
tion Meeting, Qualicum Beach, 
Island, 


Oct. 19-20: Annual Fall Meeting, FP! 
Midwest Section. Theme: Wood Co: 
position Board, McCormick Place, 
cago, 


Oct. 23-25: Annual Meeting Canadi 
Wood Development Council, Timberli 
Hotel, Banff, Alberta, Canada. 


Oct. 27-28: FPRS Inland Empire Fall 
Meeting, Washington State University, 
Pullman, Wash. 


o 


Nov. 2-3: FPRS Northeast Section Fall 
Meeting, Hotel Prince George, New 
York City. 


PENTACHOROPHENOL NOXTANE 


solvent base. 


PRESSTREAT 


and fungus. 


3137 Southwest Ave. 
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Recognized the leading pre- 
servative for protecting wood 
against decay and rot, termites 
and other wood-boring insects. 
stain...con- 


Combination PENTA plus 
water repellents for pressure 
treatment lumber. Provides 
super above-and-below-ground 
protection against termites, other 
wood-boring insects, decay 


For more information, write phone... 
Wood Treating Chemicals Co. 


Controls ugly blue-black sap 
stains and mold. Keeps lumber 
bright and stops costly 
degrading. Contains arsenic 
mercury—non-irritating and 
dustless—resists leaching from 
rain. 


WOODTREAT 


10% Penta emulsion paste. 
Gives maximum protection 
standing poles, piling, cutoffs, 
structural timbers. Applied 
hand scoop, brush, paddle 
mechanical spray. Clean han- 
not highly toxic. 


TECHNICAL COUNSEL 


Experienced specialists plus the most modern 
and complete laboratory facilities, are available 
for counsel and help any wood preserva- 
tion problem. 


St. Louis 10, Mo. 
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the Gamma-Ray 


3ackscatter the 


WESLEY LOOS 


Research Triangle Institute 
Durham, North Carolina 


DIFFICULT DETERMINE the 
internal integrity poles and large 
from their external character- 
istics. Various radiographic techniques 
have been developed and are being 
used today. Their big drawback the 
high cost per pole inspected. Ultra- 
sonic methods not give sufhcient 
penetration for practical use The 
most commonly used procedure 
dig around pole suspected rot 
and probe with bore. One can 
easily visualize the difficulties, inade- 
quacies, and cost such method. 
Thus, the work the development 


undertaken. 


Nuclear Radiation Methods 


number workers have tried 
various nuclear radiation methods for 
the detection decay trees and 
poles. The method most commonly 
used the transmission technique (1, 
5). This technique basically 
comprised source one side 
the specimen and detector the 
other. The parameter measured the 
attenuation the radiation. This 
method has several drawbacks. First, 
access both sides the specimen 
required; and second, the specimen 
thickness must accurately known. 


The Author: Loos 
Wood Technologist with 
the Measurement and Controls 
Laboratory, Research Triangle 
Institute, Durham, This 
work was supported the 
Office Isotopes Develop- 
ment the U.S. Atomic En- 
ergy Commission. 


inspection Utility Roles 
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The backscatter technique rapid nondestructive 
method for the detection internal defects utility poles. 
makes use the principle that gamma rays passing through 
material are scattered that material. Many factors were tested 
this source-detector distance, source depression, 
and detector depression. And from these variables, optimal condi- 
tions were determined. Then scans utility pole sections with 
known defects were made with the gamma-ray backscattering 


device. 


The use gamma-ray backscatter 
methods offers solution these two 
problems plus the added advantage 
requiring only single probe which 
contains both the source and detector. 

Some the gamma rays passing 
through material are scattered 
that material; when they are scattered, 
these gamma rays lose some their 


energy. The number scattered gener- 


ally function the density the 
matcrial. Some the rays are directed 
back toward the source (180° their 
initial direction travel), thus they 
are called backscattered 
The energy these backscattered 
gamma rays determined solely 
their initial energy and is, thus, inde- 
pendent the scattering medium. 
This fact makes possible the use 
pulse height selection 
scattering gamma radiation which con- 
siderably improves the sensitivity 
the backscattering technique. This en- 
ergy reduces 
the background against 
scattering radiation must observed. 
The recent development transistor- 
ized pulse height 
now makes the construction port- 
able field instrument feasible. 


Experimental Work 


The initial experimental set con- 
sisted source, detector, single- 


Reprints Available. Circle Item 30. 


channel pulse-height analyzer, and sev- 
eral configurations wood scatterers. 
Cs-137 source was mounted 
lead pipe inch I.D. with 
walls. Different degrees col- 
limation were obtained mounting 
the source different depths within 
the pipe. The detector was inch 
diameter inch thick sodium iodide 
crystal mounted DuMont 6292 
photo-multiplier tube. The crystal was 
surrounded inch thick lead 
shield which could moved 
down provide the desired collima- 
tion the backscattered gamma rays. 
These features are shown Figure 

For the experiments described 
herein, the scatterer consisted 
inch thick 12-inch 12-inch slabs 
southern red oak (Quercus falcata) 
which could stacked the desired 
thickness. 

The shape the energy spectrum 
for Cs-137 similar that for 
Sn-113 which shown Figure 
They differ only the location the 
primary and backscatter peaks which 
for Cs-137 are 662 kev. and 182 
kev. respectively. The intensity the 
backscatter peak function the 


Presented the 1961 Annual Meeting the 
Louisville, Ky., Session Division (Treat- 
ments and Coatings), June 19, 1961. 

Cited the end this report. 


333 


| 
a] 
: 
te. 
| 
\ 
- 
> Nos 


atomic number the scattering ma- 
terial, its gross density, and geometry 
factors, all which may repre- 
sented Wood has rela- 
tively constant effective atomic num- 
ber (due its constant wood sub- 
stance density 1.46 grams per cubic 
and, thus, ascertaining 
f(G) and using known geometry fac- 
tors, the gross density (weight test, 
volume test) may determined. 
Some these geometric factors are: 
source-detector distance, depression 
detector, and total amount 
scattering material. Examples the 
inter-relationship these factors are 
shown Figure Contribution 
backscattering addition layer 
(slab), percent, versus number 
layers added shown. Statistical 
analysis the mode (point 
mum positions indicated 
that small source-detector distance 
and some detector collimation best. 


Studies using both one and three 
high-density slabs total pile 
medium-density slabs indicated that 
these slabs were detectable any po- 
sition. They also showed that den- 
sity variations the 
below the surface were most easily 
determined. 


Backscatter 
Peak Kev. 
(Yellow 


300 
Energy 


(Kev) 


_7—Lead Shield 


_7~ Lead Crystal Collimator 


Lead Source 
Collimator 


Fig. 1.—Lead collimator and shield arrangement for Cs-137 studies. 


obtain more accurate informa- 
tion the portion con- 
response surface was determined. 
this case, yellow poplar (Liriodendron 
tulipifera) slabs inch thick 
inches inches were used. The 
variables studied were: X,, source- 
detector distance (cm); detector 
depression (cm); X,, hole size (di- 
ameter cm); X,, layer which hole 
located; and placement hole 
source-detector axis (cm). cen- 
tral composite rotable design was used, 
plus center points along with 
points star design. This design 
thus had total points. 


Peak 390 Kev. 


400 


From these points 
equation was obtained. The regressic 
coefficients for detector depressica 
(X,) and placement hole 
source-detector axis were 
statistically significant. 


resentation the response 
obtained from the equation describe 
holding one variable constant. Figu 
shows that there optimal r-- 
from the surface. This figure also 
indicates that the minimum 
hole size increases one moves 
from this optimum. From other fiy- 
ures not shown here, the response in- 


Source: Cs - 137 

Material: Oak 

S-D dist. 4cmS,D dep. icm 

dist. 4cm S,D dep. 


Number of Slabs 


Fig. 3.—Percent backscattering per layer wood added versus 


Fig. 2.—Energy spectrum for Sn-113. 


number layers added. 
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Response (%) 


ig. 4.—Three-dimensional representation 
the response surface. 


reases the source-detector distance 
approaches 


Sources lower primary and back- 
peak energies were believed 
greater response. experiment 
verify this was conducted using 
whose spectrum shown 
Figure and the yellow poplar boards 
mentioned above. slightly differ- 
ent source, detector collimator, and 
shield was built bring the source 
closer the detector. This setup 
shown the cover. The response 
using Sn-113 doubled. 


Once these preliminary studies were 
completed, more advanced ones could 
conducted logs. Initially, the 
log under study was mounted 
steel frame, but this contributed the 


Fig. 6.—Modified setup for hole detection logs. 
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backscatter reading such extent 
invalidate them. So, the log had 
suspended light guy wire 
cables shown Figure This 
figure also shows the carriage and 
track which the probe was 
mounted. The carriage was rigged 
that could moved under the log 
various constant speeds variable 
speed electric motor. This allowed 
continuous scan the log 
made. The backscatter signal could 
then fed into strip chart recorder 
for continuous graphing. 


The specimen used was 2-foot 
section cut from 11-inch diameter 
creosote treated utility pole. This sec- 
tion was then split down the middle 
and cavity routed it. This hole 
was inches diameter inches 
long, located mid-way along the sec- 
tion inches from the surface. 
drawing the strip chart recorder 
graph the pole section scanned 
shown Figure The dip the 
line between and the 
scan indicates the presence the hole 
the pole section described above. 


enhance the recorder display, 
voltage amplifier with bucking cir- 
cuit was constructed and 
tween the ratemeter and recorder. Es- 
sentially, this circuit modification 
shifted the zero setting downward and 
expanded the signal variation the 
full chart width. Using this same set- 
up, linear scans decayed utility 
pole section feet long and inches 
diameter were made. This pole sec- 
tion, shown Figure had 
estimated percent rot one end 


and percent the other. The grad- 
ual transition between these two stages 
rot illustrated Figure The 
countrate varied from high 24,500 
counts per minute (24.5 cpm) 
the percent end 20,800 counts 
per minute the percent decayed 
end. This represents 17.7 percent 
decrease countrate. (Figures and 
next page.) 


Work now progress the 
development and evaluation port- 
able transistorized field unit. 


Conclusion 


possible detect internal cavi- 
ties such rot utility poles 
automatic scan type recorder. addi- 
tion automatic scanning poles, 
portable pole defect detector using 
battery operated transistorized portable 
equipment feasible. 
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Fig. 7.—Strip chart recorder graph the scan pole section. 
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Fig. 8.—End views decayed 9-inch pole section. Left, estimated percent rot. 
Right, estimated percent rot. 


Wood Charcoal 
from 


Cinder Block 


Department Chemistry 
University Georgia, Athens, Georgia 


ONSIDERABLE the 

literature (3, activated 
charcoals and research this area has 
made large scale industrial production 
practical and profitable. The activation 
wood charcoal, however, seldom 
feasible for the small producer, 
must find markets for the charcoal 
which able produce. Most 
small producers are limited use 
native woods and produce charcoal 
kilns. Woods which have been used 
are oak, maple, mixture hardwoods, 
and pine. 


The purpose this study de- 
termine the significant physical and 
kiln-produced wood charcoals order 


Presented at the 1961 Annual Meeting of the 

Products Research Louisville, 
Ky.. Session 13, Division 4 (Chemical Con- 
version), June 22, 1961. 


PHYSICO-CHEMICAL STUDY 


GRAMS ADSORBED PER GRAM OF CHARCOAL 


MARCH 10, 


Low 208K 


26,500 cpm 
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HY. 1100 SMALL LOG 

Scan 3cm/min. 

LINEAR SCAN 


Fig. 9.—Linear scan 9-inch decayed pole 
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EQUILIBRIUM CONCENTRATION (NORMALITY) 


guide the small producer seeking 
markets for his product. Comparisons 
are made with commercially available 
charcoals indicate limitations un- 
activated kiln-produced wood charcoal. 


One possible use for kiln charcoals 
carrier pesticides for distribu- 
tion fields, soils, for dusting. 
such use, might desirable 
have limited adsorption the chemi- 
cal and rapid desorption reduce 
hazards domestic animals. 


Studies are reported adsorption 
typical inorganic acid 
organic acid and base, 
solution; methyl bromide 
ropicrin typical pesticides; and am- 
monia gas. Desorption studies are also 
reported these substances. 


* Numbers in parentheses refer to Literature 
Cited the end this report. 


Reprints Available. Circle liem 31. 


Fig. 1.—Adsorption sulfuric acid No. mesh charcoal samples. 


The influence particle size 
adsorption and desorption were 
determined. 


Charcoals Used Study 


The charcoals used this study 
were from three different sources: 


1. Athens-Macon Research Center, 
U. S. Forestry Service, Athens, Georgia 


Sample Burn Coaling Mois- 
No. Species No. Time ture 

1 Oak 28 45 hours 43% 

2 Oak 29 32 hours 38% 


Lake States Forest Experiment Station, 
Wausau, Wisconsin 
8 Sugar Maple__ 18-11 


22 hours 62.2% 
4 Sugar Maple__ 20-11 


18.5 


Charcoal Industries Inc., 
Conway, South Carolina 
Pine data available this 
sample 

No data available on this 
sample 


6 Hardwood* 


‘The commercial charcoals were obtained from 
Sargent and Company, Chicago and were 
usual commercial grades. 
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The small producer cannot usually afford the 


expense investing equipment for activating 
his charcoal and must find market for inacti- 
vated charcoal produced kilns. Here, the 
authors report work done charcoals produced 
cinder kilns Georgia with oak wood and 
Wisconsin with sugar maple wood without acti- 
vation. Comparisons with commercial activated 


charcoals are presented. 


All chemicals used this study 
were reagent grade with the follow- 
ing exceptions: 

Diiodomethane, pure 


Tetramethylammonium hydroxide, 
pure 


Ammonia, gas, minimum assay 
99.99 percent. 


Methyl bromide, minimum assay 
99.5 percent 


Chloropicrin, practical 
Ethyl alcohol, percent 


Physical Properties 


Sieve Sizes: The samples oak, 
pine, and hardwood charcoal were 
mostly fines, but those sugar maple 
were lumps from inches 
diameter. 


Representative samples the fines 
were obtained the standard method 
quartering (10) and then shaken 
standard sieves meeting ASTM speci- 
fications for sizes 10, 20, 60, and 
100. The results are shown Table 
weight percent basis. 


order insure uniformity 
comparison among charcoal samples, 
the large lumps sugar maple char- 
coal were ground ball mill and 
then separated different sieve 


density each sample was determined 
the method described Hassler 
(4) density the floatation 
method (2) using mixture ben- 


zene (0.879) and methylene iodide 
(3.325) such that the sample would 
neither rise nor sink the mixture 
(5). The results are shown Table 


Water Extract: Each sample 
charcoal was extracted with distilled 
water 90°C. cooled room temper- 
ature, filtered through No. What- 
man filter paper, and the filtrate meas- 
ured with Beckman Meter, 
Model 20°C. (4). 

The results are shown Table 
obvious that the increased 
with decreasing sieve size 
which indicates more rapid extraction 
water with smaller particle size. 

The results also show clearly that all 
water extracts were alkaline except 
that pine charcoal which was 
slightly acid. Oak charcoals were most 
alkaline, maple charcoals next, and 
hardwood charcoal least alkaline. This 
would suggest that charcoals would 
extract acids from water solution more 
readily than they would extract bases. 
This exception pine which should 
the reverse this. 


Chemical Composition Charcoals 

Each charcoal was analyzed for its 
percentage carbon, hydrogen, ash, 
and water. Standard combustion 
methods (8) were used for carbon and 
hydrogen. Each sample was oven dried 
105°C. before analysis. The ash 
content was determined the residue 
remaining after combustion was com- 
plete (9). The results are shown 
Table 


if 
| 


PER GRAM OF CHARCOAL 


SORBED 


A 


GRAMS 


12 18 


charcoal samples. 


0367 
MIXED HARDWOOD | 


PINE 


EQUILIBRIUM CONCENTRATION (NORMALITY) 


Fig. 2.—Adsorption sodium hydroxide No. mesh 
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GRAMS ADSORBED PER GRAM OF CHARCOAL 


EQUILIBRIUM CONCENTRATION (NORMALITY) 


ig. tetramethylammonium hydroxide 
No. mesh charcoal samples. 


When these results are compared 
with commercial charcoals they show 
some differences. Commercial char- 
coals average percent carbon, 2-3% 
hydrogen, and ash. Thus, these 
charcoals vary carbon but agree with 
commercial samples generally, they are 
higher hydrogen than commercial 
averages, and they are lower ash 
than commercial averages. They are 


lower moisture than commercial 
samples. 


Chemical Properties 


Iodine Test: The iodine test (4) 
charcoal remove odors and flavors 
adsorption from water solutions. 
The iodine test was performed the 
standard method cited Hassler (4). 
Similar tests were run with activated 
coconut charcoal, animal charcoal, 


Norite and Nuchar for comparison 
(Table 5). 


Permanganate Test: The perman- 
ganate test (4) generally recognized 
remove colloidal material and color 
bodies from water media. The tests 
were run the standard method cited 
Hassler (4). Similar tests were run 
commercial samples for compari- 
son. (See Table 


These results show that commercial 
charcoals are much more efficient 
removing iodine and permanganate 
from water solution than were the test 
samples. This indicates that the test 
samples would less efficient re- 
moving odors, colors, and colloidal 
material from water solution than com- 
mercial charcoals. 


Adsorption Isotherms 


Adsorption isotherms were deter- 
mined the standard manner (2) 
with each charcoal sample 
25°C. and 40°C. using No. mesh 
and No. 100 mesh samples each 


naROWwOOD | 
PINE 


— OAK | 
- | | OAK 2 
— | | 
0233 
| 
02 Yj } 
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WEIGHT PERCENT 


Sieves 


Retained on No. 8_____-______- 
Passed No. but retained 


Passed No. but retained 

Passed No. 20 but retained on 

29.27 
Passed No. 60 but retained on 


Table 1.—SIEVE SIZE ANALYSIS CHARCOAL FINES, 


Sample Number 


35.04% 


11.78% 48.00% 

2.30 3.46 Sample No. 
49.45 23.98 
29.30 19.15 


Accounted for__ 99.85 


Table WATER EXTRACTS CHARCOAL 20° 


Sieve Sizes Sample No. 

Oak 7.35 7.75 8.22 8.47 9.00 
2. Oak 7.91 8.51 8.70 9.05 9.35 4. Maple 
3. Maple 7.79 8.15 8.41 8.65 8.72 
4.. Maple 7.63 7.90 8.20 8.56 8.92 6. Hardwood... .......<- 
5. 5.55 5.6 5.85 5.9 6 


charcoal well commercial char- 
coals for comparison. 

The solutions used with each char- 
coal sample were sulfuric acid, acetic 
acid, sodium hydroxide, 
ammonium hydroxide water. Liquid 
methyl bromide and liquid chloropic- 
rin were used received. Gaseous 
ammonia was used the dry gas. 

Typical Freundlich curves were ob- 
tained each case and order 
conserve space only the curves sul- 
furic acid, sodium hydroxide, 
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Fig. 4.—Adsorption ammonia No. mesh charcoal samples. 


methylammonium hydroxide, and am- 
monia gas are shown here. 

Figure shows the adsorption 
sulfuric acid the several charcoals, 
mesh, 25°C. The order which 
adsorption occurred oak, sugar 
maple, hardwood, and pine least. This 
order correlates with decreasing acid- 
ity the water extracts these char- 
coals because oak was most alkaline 
and pine slightly acid. 

Figure however, does not show 
the reverse order for the adsorption 


Table CHARCOALS 20° C., GRAMS 
PER CUBIC CENTIMETER 


Bulk Density 


True 
No. Mesh No. Mesh 
0.314 0.447 1.316 
0.318 0.456 1.329 
0.236 0.310 1.271 
0.272 0.299 1.281 
0.131 0.167 1.244 
0.178 0.217 1.266 


Table 4.—CHEMICAL ANALYSIS CHARCOAL SAMPLES 


Carbon Hydrogen Ash Moisti 
84.25% 3.09% 1.47% 3.12° 
83.31 3.03 2.40 2.75 
79.21 2.82 2.30 2.56 
78.62 3.74 1.61 2.70 
85.62 3.34 1.52 2.35 
79.06 3.81 1.49 4.96 


sodium hydroxide from solution 
all cases. The order shown 
wood, pine, oak, sugar maple least 
effective adsorbing sodium hydrox- 
ide. Exactly the same order effec- 
tiveness was shown for removing gas- 
eous ammonia. This indicates specitic 
effect not related the the 
water extracts every case. 

Figure shows the adsorption 
tetramethylammonium hydroxide from 
water solution 25°C. mesh 
samples charcoals. Here, strangely 
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Fig. 5.—Effect temperature adsorption acetic acid. 


TABLE AND PERMANGANATE VALUES CHARCOALS 


Iodine Value 


Permanganate Value 


60 mesh 


100 mesh 


60 mesh 

17.52 20.60 11.47 17.15 
17.05 18.05 9.74 17.15 
17.70 19.92 8.47 13.73 
18.55 19.68 8.29 12.52 
11.50 11.85 6.48 9.93 
13.91 14.62 9.56 13.76 

Pee 30.60 20.40 

oe 23.70 28.92 

99.00 68.42 

95.53 65.52 
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enough, the order adsorption 
generally the same that shown for 
the adsorption sulfuric acid and not 
related logically the water 
extracts from the several charcoals. 
Obviously the effect again specific 
and not neutralization reaction. 


Figure shows the adsorption 
ammonia gas mesh charcoals 
The order here the same 
that shown Figure for sodium 
hydroxide, although the mesh size and 
temperature are different. 


Effect Temperature Adsorp- 
tion and Desorption 


the effect which temperature has 
adsorption. shows the adsorption 
acetic acid from solution mesh 
oak charcoal 0°C., 25°C., and 40°C. 
with one example Norite 
for comparison. obvious that ad- 
sorption least 40°C. and greatest 
The same effect was noted 
for all systems studied. This same 
order was found Freundlich and 
applies generally adsorption from 
solution when specific surface 
phenomenon (2). 


Figure shows the effect tem- 
perature desorption ammonia 
gas from the mesh oak charcoal. 
This shows that desorption most 
rapid 40°C. and least rapid 0°C. 
would expected (2). 


Both figures show that Norite more 
strongly adsorbed and, therefore, de- 
sorbed more slowly than the case 
with oak charcoal. 


Results 


Although there was lack cor- 
relation between adsorption and 
the water extracts, there fair 
correlation between adsorption from 
solution and bulk density the char- 
coals. charcoals with higher 
bulk densities adsorbed more strongly 
and those with lower bulk densities 
adsorbed more weakly. The reverse 
this was found for adsorption gases. 


Chaney (1) reported definite cor- 
relation between the retentive ability 
charcoal and its adsorptive capacity 
for iodine. This same trend was shown 
the charcoals this study. Com- 
pared Norite 100 percent, the 
charcoals this study varied from 
percent (pine) percent (oak) 
efficiency removing iodine from 
solution. 


desorption experiments, ammo- 
nia and methyl bromide were desorbed 
relatively slowly compared chlo- 
ropicrin. After hours, ammonia and 
methyl bromide were only percent 
desorbed whereas chloropicrin was 
almost completely desorbed hours. 


PER CENT AMMONIA 


COCOANUT 


OAK 


OAK 


OAK 


13 15 17 19 


HOURS 


Fig. 6.—Desorption ammonia No. mesh charcoal samples. 


Temperature and mesh size were the 
same each case. 


Conclusions 


Compared commercially activated 
charcoals used these tests, these char- 
coal samples showed relative effi- 
ciency from percent their 
ability adsorb iodine from solution. 
order decreasing efficiency were 
oak, sugar maple, hardwood, and pine. 


These charcoal samples showed 
relative efficiency from 0.5 per- 
cent their ability remove perman- 
ganate from solution comparison 
commercially activated charcoals. 
order decreasing efficiency were 
oak, hardwood, sugar maple, and pine. 


Compared Norite, these charcoals 
percent their ability remove 
organic compounds from liquid media. 
order decreasing efficiency were 
oak, sugar maple, hardwood, and pine. 
They were comparable Norite 
efficiency adsorbing inorganic acid 
and base from solution. Compared 
commercial coconut charcoal, these 
charcoal samples showed relative 
adsorbing gases from gaseous media. 

These charcoal samples adsorbed 
greater weight per gram charcoal 
acids from solution than they did 
bases. They showed faster rate 
desorption than did commercially acti- 
vated charcoals. The relative amount 
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adsorbed material each charcoal 
was least 40°C. and greatest 0°C. 
when mesh size was constant. The rate 
desorption was greatest 40°C. 
and least for each charcoal 
the same mesh size. 
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The Corporate 


Furniture Manufacturing 


UALITY, ITS VERY BROADEST 
the most important at- 
tribute firm’s make-up. deter- 
mines not only the growth rate and 
degree prosperity any forest 
products manufacturing concern, but 
has important part deciding 
concern will continue exist and 
compete with its neighbors. 


Dun and Bradstreet recent re- 
view business failures industries, 
listed furniture manufacturers with 
the highest mortality rate any the 
many classes firms reviewed. Why 
this true? Dun and Bradstreet did 
not say, but would guess that one 
the contributing causes was failure 
persons high levels manage- 
ment give due attention the mat- 
ters determining quality levels and 
then the maintaining quality 
within acceptable range around 
such levels. 

believe that policies affecting 
quality are vitally important the 
top official firm are financial, 
sales, research, and variety other 
top ranking problems. And policy 
making vital, execution such 
policy. believe that fulfillment 
management quality plans must 
line function, through staff personnel 
with thorough knowledge and full 
appreciation the firm’s quality poli- 
cies, and who may walk into the 
quality picture armed with authority 
carry out the responsibilities with 
which management may have charged 
them. Certainly quality can not 


The Author: Sam 
from the University North Carolina, came 
to Drexel and served as General Purchasing 
Agent for years. now manager 
oldest plant, Plant $1, Drexel, 
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SAM FREEMAN 


Drexel Furniture Company 
Drexel, North Carolina 


must reading for all con- 
nected with the management 
woodworking establishments. 
The author brings out relevant 
points concerning the broad 
problem setting and main- 
taining standards quality 
the manufacture wooden 
furniture. 


forced down the throats working 
men mere decree dictatorial 
management. But top management 
must decide what the level quality 
will and then willing spend 
the money and effort employ in- 
spectors interpret policies work- 
men; spend money for materials 
needed meet and hold such quality 
levels; and train workmen all 
stations build quality product 
progresses through plant. 


Building quality from the begin- 
ning costs mere fraction the cost 
rebuilding and correcting mistakes 
after job complete. adage has 
come into general usage the furni- 
ture industry and expressed 
words like these: cannot 
inspected into piece furiture 
the discharge end 
Our salesmen make new friends 
but our quality makes old friends 
such new friends. sure the 
true whether your product lum- 
ber, veneer, plywood, golf clubs, truck 
beds, telegraph poles, laminated 
arches. 


Reprints Available. Circle Item 32. 


Every firm must define quality for 
itself and then determine just exactly 
how much latitude range toler- 
ance has order keep happy cus- 
tomers and continue profitable opera- 
deal specifics relating any indus- 
try with which not familiar. 
However, should like deal briefly 
with some the policies 
tices our firm. hope that may 
thereby reflect clearly some the 
attitudes our management toward 
quality and quality control. Posssibly 
some principles may crystallized 
benefit. 


Now, what meant when furni- 
ture company describes itself the 
world’s largest manufacturer 


ity” 


Definition Quality 


Before using the word quality care- 
lessly, should define our own 
satisfaction and the satisfaction 
our customers. This word possibly 
the most overworked and abused word 
our language. has thousand 
meanings, and its true meaning all 
too often covered with adjectives 
supplied misinformed copy writers 
that the true meaning quality 
often obliterated for people trying 
find genuine worth. The word 
relative and not absolute term. 
modern dictionary defines the word 
part as: “That which distinguishes one 
person thing from another; degree 
then forest products manufacturer 
whose very best efforts produce medi- 


the 1961 Annual Meeting 
the Forest Products Research Society, Louis- 
ville, Ky., Session Division (Production 
Management), June 19, 1961. 
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may proudly describe his product 
high quality relative comparison 
with his neighbors wares which are 
even worse. reality the fair word 
“quality” has been brutally ma- 
ligned describing pop and gas, soap 
and smokes, pills, and 1,001 
items, all make men dissatisfied with 
what they have, that the term has lost 
its significance pure term; has 
become tarnished and has lost respect 
among consumers. And the word 
abused any given industry, has 
variety connotations from one in- 
dustry another. 

Even though may brand them 
cynics, most wood furniture manufac- 
turers insist that they have produce 
much higher relative degree 
quality than any other big ticket indus- 
try dealing consumer goods. For ex- 
ample, auto and electric appliance 
salesmen are adept sidestepping ob- 
vious flaws and imperfections. know, 
because victim.) But most sales- 
men furniture retail floor seem 
have only one 
Now, this may well mark the 
difference quality salesmanship 
among industries. However, small 
store salesman, doubling appliances 
and wooden case goods, may change 
his attitude quickly moves from 
one section the store another. 

short, quality seems have been 
developed much more pure term 


when applied wooden case goods 


than any other class heavy con- 
sumer goods that know about. 
term has developed the furniture in- 
dustry describe perfection. The most 
perfect piece wooden case goods 
ever developed our company was 
done for museum. Hence, the term 


this sort perfection. The variable 


nature quality tends breed confu- 
sion among people who must interpret 
quality given area. Occasionally in- 
came along who insist upon 
museum standards and inevitably they 
almost come blows with production 
people who must insist upon 
maintenance high 
standards” excellence. Under mu- 
seum standards, furniture produced 
volume would expensive that 
customer would willing pay the 
price made necessary such standards. 
Therefore, reasonable compromise 
standard usually drawn between the 
seemingly incompatible extremes. 
such process, rules judgment are 
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established for appraising furniture. 
The success quality furniture 
manufacturer who offers goods de- 
measure his ability draw such 
compromises and train personnel 
function within the limits such 
compromises produce high quality 
which can moved the trade 
consistent profit. 


the mind public addicted 
shelter publication advertisements, the 
mere presence name certain 
prestige publications may tend sur- 
round such name with halo re- 
spectable quality. And, certainly, the 
ideals which have been built around 
“brand name advertisements,” coupled 
with the expressed implied guaran- 
tees satisfaction, have been valuable 
channelling consumer demand 
definite directions recent years. 
However, within the past 
years, some the magic name-brand 
advertising has disappeared since lot 
producers who rank low the 
quality scale are now buying center 
spreads color, all which reek 
“gracious living the casual manner” 
other such trite descriptive phrases. 
So, defining quality, cannot 
make synonymous with name-brand 
advertising. 


Many people feel that automation 
mild degree greater degree 
tends promote uniformity and make 
for higher level quality furni- 
ture. The mid-century furniture manu- 
facturer, like his fellow manufacturers 
other industries, aspires higher 
degree automation his plant. 
Whereas fully automatic furniture 
plant makes excellent copy for wood- 
working machinery producers, might 
make very poor end-products for the 


producer wooden furniture. Because 


the very nature wood, believe 
that the best furniture has always been 
and will continue largely crea- 
tion manual art. Intricate tools and 
machinery are mainly levers and wheels 
extend manual effort. the absence 
skilled workmen, such heavy tools 
routers, moulders, bandsaws, and 
shapers become mass spoilers good 
materials. Quality furniture made 
wood must fashioned largely 
workmen skilled the fine art 
woodworking. The more that manufac- 
turers resort machinery eliminate 
the gentle, trained, manual strokes 
the skilled hand sander, the deft, 


The September Yearbook Issue Will 
Contain Complete Report the 
Annual Meeting 


talented strokes the hand padder 
with lint-free cloth, the less attractive 
will the end-product. 
tory substitute has yet been found for 
the skilled band-sawyer whose touch 
can match thin pencil line drawn 
the face piece wood and whose 
steady hand enables him prevent 
thin, keen saw turning 7,200 revo- 
lutions minute from straying from 
this line spoil the contours the 
piece. device has yet been built 
substitute for the skill eye and hand 
the part cut-off and ripsaw 
operator converting rough, warped, 
and knotty lumber into beautiful furni- 
ture parts. machine has been found 
replace the human hand cleaning 
carvings and mouldings and turn- 
ings, all much part beautiful 
furniture. These examples could 
multiplied many times illustrate the 
truism that automation and high qual- 
ity are not synonymous. 


High Volume—High Quality 


defining quality, many people in- 
sist that high volume and quality can- 
not hand hand. However, this 
age higher production and higher 
cost, the successful quality manufac- 
turer who expects reach broad mar- 
ket must learn make high volume 
and high quality synonymous. This 
means mixture man power, capital, 
equipment, and other elements pro- 
duction proportions varying some- 
what from those found other indus- 
tries. The furniture industry necessarily 
pours great deal more manpower 
into its mix than many other industries. 
example, the finishing operation 
electric appliance plant, which 
many flat surfaces are automatically 
sprayed and heat-cured, requires far 
fewer men than similar operation 
wood furniture plant. Countless other 
examples illustrate this truth could 
found the appliance and the fur- 
niture industry. So, part high 
quality applied our furniture 
nationwide market necessity high 
volume production. Therefore, quality 
may synonymous with volume. 


large measure, people responsi- 
ble for and use 
have great deal with the level 
quality furniture plant. Unlike 
mass-production industries, such the 
electronics appliance industry, where 
practically all material may 
chased clearly defined grade 
detailed specifications, most furniture 
materials are selected for use piece-by- 
piece. There are very few objective sub- 
stitutes for sound individual judgment 
selection and use materials for 
making furniture parts. And this proc- 
ess selection must continue through- 
out every stage production because 
the tendency wood develop de- 
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fects progresses through stages 
refinement. So, the degree which 
management defines its end-product 
terms materials and the 
delity exercised employees exe- 
cuting management policy selecting 
and using materials determines, 
large measure, the quality furniture. 
Careful material and use are 
synonymous with quality. 


Other Aspects Quality 


Despite all the high-purposed 
policies established management 
and the honest execution such poli- 
cies employees, the degree which 
piece furniture sanded deter- 
mines, large measure, its quality. 
Furniture attracts buyers first through 
eye appeal. And, eye appeal consists 
largely finish. Practically all types 
finishes, particularly those requiring 
full fill glaze, depend upon quality 
sanding. Sanding very critical 
bleached woods. Generally then, the 
finishing systems the quality furni- 
ture manufacturer lists veneer 
first coat, glue sizing the second 
coat and good sandings the next 
coats succession. So, furniture qual- 
ity and good sanding are synonymous. 

Since the close World War II, the 
use synthetic adhesives 
creased tremendously the wood- 
working industry. This great increase 
synthetic has forced im- 
provement the machining wooden 
furniture parts. Because the nature 
most synthetic adhesives, perfect 
joint must prepared for exposed 
mating parts. Because the inability 
some these glues fill gaps and 
because some them craze and fall 
away when exposed atmosphere, 
visible glue joint considered bad 
glue joint. So, then, quality furni- 
ture synonymous with the correct use 
synthetic adhesives. 


Quality furniture suffers from 
long storage cartons after final rub- 
bing and waxing. Good quality fur- 
niture preserved and assured 
costly practice storing finished case 
goods, unpackaged, and rubbing pieces 
order instead rubbing immedi- 
ately upon the completion the fin- 
ishing cycle. accepted fact that 
the longer time elapses 
quering and rubbing, the better and 
more lasting the rub job. Lacquer coats 
give off solvents for some time, often 
for days, after application. surface 
rubbed while too escaping 
solvents will tend soften and dull 
the luster the surface after rubbing. 
Long storage cartons may tend 
prevent proper movement air around 
the case, causing uneven moisture bal- 
ance, which results swelling 
shrinking furniture parts. There 
less tendency the part workmen 


342 


rush furniture too rapidly the ex- 
pense quality they know that the 
furniture going exposed for 
examination all who may care 
look. Furthermore, case goods are 
stacked unpackaged, inspection can 
made more effective and careless 
hiding defective work. effect, high 
quality synonymous with rubbing 
order and bare storage. 

There are hundreds minute points 
quality which determine the relative 
quality level occupied various manu- 
facturers. These minute points need 
elaboration, but for the sake illus- 
tration few may listed. Many 
manufacturers use chip core with 
attempt conceal with edge band- 
ing. This might bad practice since 
exposed chip core may suffer more 
from exposure moisture than lum- 
ber core. Some manufacturers use mor- 
tise and tenon joints instead dove- 
tails drawer construction. Others use 
only single dowels where double dow- 
els would better. Many manufac- 
turers not glaze their finishes. 
the quality minded buyer, the glazing 
process greatly enhances the eye appeal 
finished surface. Good commercial 
quality usually means two three 
coats lacquer; some finishes include 
only one coat lacquer. Some manu- 
facturers permit burn-in dents al- 
most unlimited size, while others in- 
sist only minor ones. Many manu- 
facturers, while conscious the bad 
effect dents and scratches and other 
obvious surface mars, assume the risk 
repairing only the glaring, large, 
obvious ones. The quality manufacturer 
insists upon shipping cases blemish- 
free commercially possible. So, at- 
tention minute details and quality 
are synonymous. 


Packaging 

believe that final inspection 
before packaging competent, com- 
mercial inspectors, not responsible 
plant management, must the 
maintenance any level quality. 
Regardless the interest that work- 
men may have doing superior job, 
right the first time. all 
fairness, likewise easy mass- 
production plant for defects escape 
the attention people who perform 
their work. The Influence stern 
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final inspector definite and great 
value. such inspector firm 
enough, his influence quality moves 
all the way back along the production 
lines its very beginning and tends 
make every man more conscious 
quality, thereby making all workmen 
serve parts inspectors. Quality and 
rigid inspection may considered 
synonymous. 

Superior packaging much 
part total quality any other 
phase production effort. Furniture 
manufacturers with interest pres- 
ervation fine quality built into their 
product will the last mile and 
good job packaging. This, 
course, means, among other things, the 
use kiln dried, dressed and care- 
fully sized lumber for skids, protec- 
tion all surfaces non-abrasive 
inner-wrap such cellulose wadding, 
careful application heavy pads 
protect all corners cases, and the 
use carton correct size and 
weight prepare the best possible 
pressure pack. Failure observe the 
selection and use these ma- 
terials put less than the best 
quality pack. Good packaging is, there- 
fore, essential quality. 

Finally, management with deci- 
sion-making attitudes proportionately 
balanced among the phases manu- 
facturing, and distribution, instead 
management with very definite bias 
for one another phase, makes for 
better quality product. 


Summary 


while nebulous term, 
can nailed down and defined 
part applies fine furniture. 
advertising but not necessarily; can 
the same automation but only 
when automation tempered good 
judgment; must the same 
volume high production plant; 
synonymous with material selec- 
tion and usage; eye appeal; 
careful storage and handling; rub- 
bing order; attention minute 
top coating; must good inspec- 
tion, and definitely good packag- 
ing. must balanced manage- 
ment. Finally, high quality synony- 
legitimate manufacturers this tough, 
critical, mid-century market. 
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Fig. 1.—The influence, graphically, presteaming drying accelerator for 
inch thick Tasmanian obliqua. 
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Susceptible 
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TEAMING WOOD HAS BEEN prac- 

for drying since the middle the 
18th century Various reasons 
have been put forward kiln oper- 
ators justify the steaming green 
lumber. Briefly, these cover steriliza- 
tion, color improvement, accelerated 
drying, reduction drying degrade, 
improvement machining properties, 
and wood stability. 


Loughborough (2) records that ini- 
tial steaming treatments are given 
heat stock through the center and 
transfusion before any 
drying takes place. was uncertain, 
however, whether initial steaming 
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South Melbourne, Australia 


would reduce the subsequent drying 


time. Rogister and Eeckhout (3) 
doubted whether steaming would 
profitable since their investigations 
showed that the speed drying pop- 
lar was only slightly influenced the 
treatment. 


reporting the work Imrie 
the Forest Products Laboratory 
(Madison, Wis.) 1915, Tiemann 
(4) generally did not attach much 
significance the effect steaming 
the drying rate post oak, Bilt- 
more ash, western larch, and Noble fir. 
However, the same time noted 
that green oak given preliminary steam- 
ing treatments hours, pounds 
gauge, and hours, pound gauge 
dried percent moisture content 
about two-thirds the time re- 
quired the unsteamed pieces. 


the 1961 Annual Meeting the 
Forest Research Products Society, 
Division 8 (Drying), June 21, 1961. 

Cited the end this report. 


Reprints Available. Circle Item 33. 


survey the literature available 
from the Department Scientific and 
Industrial Research, England, (5, 
shows that steaming treatments not 
significantly improve the over-all air- 
kiln-drying rates English beech 
oak. European research work 
beech (7, appears have been 
mainly concerned with the effect 
preliminary steaming treatments the 
swelling pressure wood 
tion dimensional stability) with 
the effect color change. Although 
Falck and Lutz (8) state that many 
European firms commonly steam beech 
order accelerate the drying rate, 
they not present any experimental 
data support the claim. 


Most the ash eucalypts used com- 
mercially Australia undergo, 


abnormal and often irregular 
shrinkage occurring above fiber saturation point 
due the flattening buckling the wood 
cells during drying. 

steam, usually 212°F., designed remove 
reduce collapse. 
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greater lesser extent during drying, 
abnormal type shrinkage known 
Greenhill (9) that the effect 
tial heat treatments subsequent col- 
lapse and recovery from 
nificant. found that the amount 
collapse which took place during air 
drying 
steamed for one day was 
more than three times that occurring 
the untreated specimens. 
case specimens treated days 
212°F., was about times much. 
These results were confirmed Kau- 
man (10) during experiment 
thermal degradation which will 
reported the conference separately. 
The above investigations emphasized 
the need avoid the use exces- 
sively long heat treatments green, 
collapse-susceptible lumber. That Aus- 
tralian investigators have not hitherto 
examined the influence initial steam- 
ing drying rate was influenced, 
doubt, this known relationship be- 
tween high initial temperatures and 
increased collapse susceptibility during 
drying (11). 

Pronounced variations drying rate 
lumber from regnans 
(mountain ash), gigantea (alpine 
stringybark) from certain areas have 
led the recognition so-called 
material. There appears 
relationship difficult material 
between core moisture content, col- 
lapse, and recovery; the most severely 
collapsed boards frequently have the 
higher core moisture contents. 


Gottstein and Campbell 
ously shown unpublished laboratory 
work that high core moisture contents 
greatly inhibited the recovery col- 
lapsed lumber reconditioning. 
Methods used now reduce 
these high core moisture contents are 
1), extension the normal kiln 
drying period with the attendant dan- 
ger over-drying the more tolerant 
material, and holding the collapsed 
lumber the air for periods 
month after kiln drying 
reconditioning (designated 
ing 

Preliminary studies leading 
the present investigation involved 
tween wood moisture content and the 
subsequent reconditioning collapsed 
lumber. These studies were made with 
regnans which the normal recon- 
ditioning treatment hours 
212° for 1-inch stock was given 
matched sets specimens progres- 


Material, which dries more slowly and de- 
velops more severe moisture gradients than 
normally observed with the species concerned, 
designated material. 
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Australia, was found that reductions drying time 


from percent that required for unsteamed materia! 
could obtained presteaming green material from 
hours. Longer treatments failed effect any further 
drying rate but tended accentuate collapse. The effect 
presteaming total shrinkage, checking, color, and 
properties discussed. short presteaming treatment favors 
duction drying degrade with deleterious effects strength 


sive stages dryness, commencing 
with the green condition. was ob- 
served from analysis drying rate 
data that some specimens, where 
test material had been steamed green 
the drying interrupted early 
stage for the steaming treatment, the 
subsequent air kiln drying was faster 
than that matched unsteamed speci- 
mens. 

Further studies were then designed 
determine what extent the dying 
rate, paticularly species containing 
material, could accele- 
rated steaming treatment. Other 
factors consideration 
cluded the best stage which 
carry out the treatment; the opti- 
mum steaming time; and the effect 
steaming degrade, color, and 
mechanical properties the wood. 

has been shown that steaming 
increase drying rates considerably with- 
out inceasing the incidence collapse. 
The present paper describes the effect 
steaming 212° under saturated 
conditions some the ash-type 
eucalypts known contain 
material, which were grown Tas- 
mania and the southen parts Vic- 
toria. 

The word has been 
coined describe steaming opera- 
tion given green near-green lum- 
ber prior air kiln drying for the 
purpose reducing drying time. Lab- 
oratory experiments have been 
progress for years during which de- 
tails the presteaming treatment have 
ready been adopted standard prac- 
tice several Tasmanian and Vic- 
torian lumber seasoning plants. 

has also been established that be- 
sides increasing the average drying 
rate, the presteaming treatment sig- 
nificantly reduces moisture gradients 
the boards. This means 
that kiln charges ready for recondi- 
tioning need longer sorted 
segregate the wet-core material from 
material with core moisture contents 
below percent, and that greatly im- 
proved recovery reconditioning can 
expected. 


Experimental Procedure and Results 


Acceleration Drying Rate 
Presteaming: The effect presteam- 


ing drying rate has been 
studies. proposed the presen: 
section outline typical study car- 
ried out with inch thick 
obtained from the Smithton area 
Tasmania. Boards, approximately 
feet long, were selected from the 
and butt logs small, medium 
sized, and large tree respectively. The 
widths the boards ranged from 
inches. Half the parcel was pre- 
steamed the green condition for 
hours and the other half used con- 
trols. Both parcels (37 boards each) 
were then processed follows: 
Predried from the green condition 
dry bulb temperature (D.B.T.) 
and wet bulb temperature 
(W.B.T.) 90°F. average 
moisture content percent. Re- 
moved from the 
(“holding for days. 
Kiln dried D.B.T. and 100° 
W.B.T. average moisture con- 
tent percent. Reconditioned 
for hours 212°F. Kiln dried 
conditions D.B.T. and 
120°F. W.B.T. average moisture 
content percent. Drying data for 
the two parcels are summarized 
Table and moisture content data for 


the medium sized tree only are given 
Table 


Figure shows graphically the in- 
fluence presteaming the drying 
rate inch Tasmanian obliqua. 
drying average moisture con- 
tent percent, presteaming 
effected saving average drying 
time percent com- 
pared with that required for un- 
steamed control material. drying 
percent moisture content, reduc- 
tion nearly percent drying 
time was obtained. Examination 
Table shows that “holding 
also helped reduce core moisture con- 
tents. important observation from 
Table that presteamed material re- 
quired only half the kiln drying time 
that needed for the unsteamed con- 
trols reduce all core moisture con- 


Predrier: multi-line lumber drier 
cally intended partially dry green hardwoods 
moisture contents approximating percent. 
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Fig. 2.—Presteamed specimens (lower) and matched unsteamed specimens (upper) 
obliqua. 


percent below for re- 
purposes. 


already indicated, the effect 
steaming treatments green 
rease the total shrinkage during dry- 
They also have effect 
part the collapse that com- 
recovery not obtained final 
Table shows the 
Victorian regnans steaming 
while green for periods 12, 24, 
and hours respectively. Half the 
specimens were subsequently air dried 
and the other half kiln dried under 
predrier conditions 100°F. dry bulb 
temperature and 90°F. wet bulb 
temperature. 


Although other studies have indi- 
cated that 6-hour initial steaming 


green lumber can increase the final 
total shrinkage lumber recondi- 
tioned per cent moisture con- 
tent about 1.5 percent the green 
dimension, the effect presteaming 
shrinkage after reconditioning only 
became significant this experiment 
after the 12-hour presteaming treat- 
ment. However, the table does show 
that total shrinkage before recondi- 
tioning increased progressively with 
increase steaming time, and that 
the amount collapse remain- 
ing after reconditioning also increased 
steaming time increased. 


later research study showed that 
short presteaming treatment the 
order hours was sufficient re- 
duce drying time inch thick Tas- 
manian gigantea without adversely 
affecting collapse. Total shrinkage fig- 


Table 1.—INFLUENCE PRESTEAMING PREDRYING TIME CORE MOISTURE 
CONTENT (AT TWO STAGES DRYING), AND KILN DRYING TIME 
STAGE SUITABLE FOR RECONDITIONING FOR INCH THICK OBLIQUA 
SMITHTON, TASMANIA 


Presteamed Unsteamed 
2 hours Controls 
Drying Data (37 specimens) (37 specimens) 

No. days predrying average moisture content 14%, but before 

Mean core moisture content after 18.5 days predrying- 26% 33.5% 
Mean core moisture content after 28.25 days predrying___________- 27% 
No. of boards with core moisture contents above 25% after predrying to 

Mean core moisture content after 6 days “holding’’.____________- 23% ee. 
Mean core moisture content after 10 days “‘holding’’._-.._________. 22% 24% 
No. boards with core moisture contents above 25% after days 

No. of days required for kiln drying to reduce all cores below 25% prior 


Table 2.—COMPARISON CORE MOISTURE CONTENT PRESTEAMED AND UNSTEAMED 
MATERIAL FROM MEDIUM SIZED TREE OBLIQUA 


Head Log Butt Log 
Dura- 
tion Presteamed hr. Unsteamed Presteamed hr. Unsteamed 
Stage (days) Mean (Max-Min) Mean (Max-Min) Mean (Max-Min) Mean (Max-Min) 
After 6 23 (28-19) 25 (36-18) 
10 22 (26-17) 22 (23-19) 25 (34-19) 27 (85-23) 
After kiln drying (be- 


*The elctrical moisture meter used calibrated for maximum reading percent. 
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ures before and after reconditioning 
are given Table the material hav- 
ing dried from green under the treat- 
ments indicated. The predrying sched- 
ule was similar that used for tne 
Victorian regnans above. 


Induced Drying from Presteam- 
ture content direct result pre- 
steaming has been observed ash-type 
eucalypts with green moisture contents 
the vicinity 100 percent. one 
experiment which green inch 
thick Victorian regnans was used, 
ture content was achieved irrespective 
presteaming treatment was given. In- 
vestigations with English beech (5) 
showed that average loss 
percent initial moisture content 
occurred steaming freshly cut 
inch thick boards for days. Falck 
and Lutz (8) found that the maxi- 
mum loss weight (about per- 
cent) from steaming freshly cut beech 
occurred within the first hours 
steaming. Work inch Tasman- 
ian average green mois- 
ture content percent showed that 
induced drop percent mois- 
ture content resulted from 2-hour 
presteaming treatment. 


Effect Predressing: The signifi- 
cance boundary layer conditions 
the rate evaporation moisture 
from wood surfaces now widely 
recognized. the premise that 
boundary layer conditions board 
surfaces are less significant with 
dressed material than with rough 
sawn, preliminary study was com- 
menced using inch thick Tasmanian 
obliqua which some the ma- 
terial was presteamed and predressed 
(pre-sized), i.e. dressed the green 
state and then steamed for hours 
212°F. Other matched groups were 
not presteamed, rough sawn, not 
presteamed, predressed, and 
steamed hours, rough sawn. Head 
and butt long material from small, 
medium sized and large tree were 
represented each group. 


Presteamed, predressed butt log ma- 
terial from the medium sized tree re- 
quired days dry average 
core moisture content percent 
compared days required for un- 
steamed, rough sawn controls the 
same stage. This represents reduction 
percent drying time pre- 
steaming and predressing. 


Presteamed, rough sawn butt log 
material required approximately 
days dry average core mois- 
ture content percent compared 
days for unsteamed rough sawn 
control material dry the same 
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stage, i.e. reduction percent 
drying time presteaming only. Pre- 
dressing unsteamed material did not 
result any significant reduction 
drying time from that required for 
unsteamed rough sawn material. 


Effect Presteaming Degrade 
and Strength Properties: Checking: 
general, the results were better 
for the presteamed specimens when 
compared with matched unsteamed 
controls. inch quartersawn Tas- 
manian edge checking for 
example was frequent 
severe steamed material. This par- 
was also prone de- 
velop ring checks the radial faces, 
but significant improvement was ob- 
tained presteaming. 


Work some inch thick ma- 
terial the same species confirmed 
the value presteaming for reducing 
surface checking. Figure shows 
matched pairs partly air dried pre- 
steamed and unsteamed specimens 
The edge checks have be- 
come severely bottlenecked the un- 
steamed specimens but are not serious 
the presteamed ones. Although col- 
lapse was slightly more pronounced 
the latter, was easily removed 
reconditioning. 


Some checking may occur during 
the presteaming process shortly af- 
ter removal from the steaming cham- 
ber, but checks have not been found 
develop the same extent 
unsteamed material and appear 
close much earlier during drying. This 
tends prevent the ingress dirt 
during air drying and thus reduce the 
risk board appearance re- 
sulting from grit filled checks. 


pronounced change color may 
regarded form degrade lum- 
ber. the other hand, beech 
steamed Europe order obtain 
color improvement. Many the ash- 
type eucalypts are light colored and 
any excessive darkening could make 
them less attractive for use the 
joinery furniture trades where light 
colors may preferred. However, 
was found that only very slight 
change color occurred material 
presteamed from hours. Pinkish 
tints were observed occasions but 
the effect was not unpleasant. There- 
fore, provided the presteaming treat- 
ments are kept short, there should 
serious objections the treatment 
the basis undesirable color 
effects. 


Strength: well known fact 
that permanent decrease strength 
occurs where lumber has been ex- 
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Table 3.—INFLUENCE INITIAL STEAMING WHILE GREEN TOTAL SHRINKAGE, 
RECOVERY, AND COLOR REGNANS 


initial Initially steamed (while green) before drying, percent 
steaming, - 
a) Total shrinkage in thickness 
before reconditioing at 15% 
17.0 22.5 25.4 27.4 31.2 
b) Total shrinkage in thickness 
after reconditioning and re- 
drying to 12% 
10.0 10.0 10.7 13.3 16.4 
11.4 11.8 2.9 14.3 18.9 
ce) Recoverability in thickness by 
reconditioning —difference be- 
tween b) and a) 
12.3 14.7 14.1 14.8 
Kiln 15.3 17.9 17.9 15.5 
d) Color (darkening) 
Air dried None very None very Slight Moderate 
slight slight moderate 
Kiln Very slight Very slight Slight Moderate 
to slight to slight moderate 


Table 4.—TOTAL SHRINKAGE BEFORE AND AFTER RECONDITIONING PRESTEAMED AND 
UNSTEAMED INCH THICK QUARTERSAWN GIGANTEA, TASMANIA, DRIED FROM 
THE GREEN CONDITION PERCENT M.C. 


Total Shrinkage (percent of green dimensions) 


Radial 


(across face) 


Tangential 
(in thickness) 


Before 
recondi- 
Drying Treatment tioning 
Predried from the green without 
Presteamed hr. while green, then 
Presteamed hr. while green, then 
Presteamed hr. while green, then 
Air dried 50% m.c. then predried 
Air dried to 50% m.c., then steamed 


Before reconditioning After reconditionin.; 


After 

recondi- At! Min? At! 
tioning edges dim edges dim 
4.0 15.7 30.0 6.7 12.5 
3.9 16.6 27.9 6.1 10.5 
4.1 17.6 29.7 6.6 11.8 
4.4 19.0 30.5 7.2 13.1 
4.2 13.4 25.0 7.0 
4.3 8.3 22.1 6.3 13.0 


timber invariably shows greatest thickness the edges. 


2At point of minimum dimension, i.e., maximum collapse. 


posed for long periods high temper- 
atures the green condition. Falck 
and Lutz (8) found that initial steam- 
ing increased the hardness beech 
and that the flexibility steamed 
wood did not change considerably 
strength data for matched steamed 
(2-hour) and unsteamed 
thick Tasmanian obliqua 
showed evidence steaming hav- 
ing any significant effect strength. 
The main differences strength prop- 
erties between the two respeective 
groups are given Table 


Application Industry 


One Victorian firm (12) drying 
regnans from the Otway Ranges dis- 
trict was experiencing considerable 
difficulty drying inch thick stock 
quality suitable for joinery pur- 
poses, combined air and kiln drying 
period some months being 
quired. Frequently was found that 
material containing unrecovered col- 
lapse and high core moisture contents 
required further drying, 


ditioning second time, but the re- 
sults were never satisfactory. Presteam- 
ing this plant has reduced overall 
months and considerably improved 
dried quality. 

After initial trials, several Tasman- 
ian firms drying ash eucalypts contain- 
ing “difficult” material have also 
adopted presteaming standard prac- 


tice and other firms are testing its 
value them. 


Practical Details Treatment 


Presteaming need not cause any 
serious inconvenience delay the 
overall throughput material al- 
though some modification routine 
programing for the seasoning plant 
may required. The cost the extra 
handling charges involved generally 
far outweighed the reduction 
costs air and kiln drying. 


All laboratory and field studies 
presteaming Australia date have 
been carried out chambers normally 
used for reconditioning collapsed 
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Table DIFFERENCES BETWEEN STRENGTHS MATCHED UNSTEAMED AND 
STEAMED SPECIMENS TASMANIAN OBLIQUA 


Nature of Test Property 
Static bending_____ _.. Stress at limit of 
proportionality 

Compression Parallel the 

Strength 


*See references 13. 


ber as, general, reconditioners are 
not constant use for this latter 
purpose. However, some Australian 
firms are currently considering instal- 
lation new chambers specifically for 
presteaming. 


order minimize the possible 
risk additional degrade, presteam- 
ing should carried out early 
possible green lumber. Where 
not convenient presteam lumber 
the green condition, presteaming 
percent still gives faster subsequent air 
kiln drying. However, unpublished 
work suggests that delaying presteam- 
ing beyond this point may lead, the 
crease final collapse. checks are 
already present partly air dried 
stock the time presteaming, the 
treatment will tend make them open 
further. 


the basis present knowledge, 
recommended procedure for pre- 
steaming lumber similar character- 
istics that described this paper 
follows: 


One two inch thick lumber green 


off the saw should taken the 


steaming chamber soon conven- 
ient and given presteaming treatment 
for hours temperature 212° 
This does not include the time 
required bring the steaming cham- 
ber operating temperature: this 
will vary between plants according 
steam pressure, leaks from the cham- 
ber, and other factors, but usually 
from hours. The total period 
for heating and treatment should, 
therefore, not exceed approximately 
hours. already discussed, presteam- 
ing treatments longer than hours 
tend increase the permanence 
collapse without offering any compen- 
sating advantage increasing the dry- 
ing rate beyond that obtained with one 
short presteaming treatment. 


Immediately after presteaming, the 
lumber can removed from the 
steaming chamber the kilns pre- 
driet, returned the air drying 
yard according plant requirements. 
Periodic steaming treatments inter- 


Mean Standard Mean 

difference error of strength 

(contol- differ- value of 

Units steamed) ence species* 
in. 500 440 10,400 
in. 270 490 17,100 
in. 2.5 6.7 153 
in. 310 270 9,390 


vals throughout the drying process 
have not been found increase dry- 
ing rate beyond that obtained with 
initial steaming treatment. Further- 
more, additional collapse non- 
recoverable nature results from such 
procedure. 


Conclusions 


has been established that short 
duration considerable value for 
material some the ash- 
type eucalypts growing southern 
parts Australia. The main effect 
reduce the drying time hastening 
the drying rate this normally slow 
drying material. addition, moisture 
gradients are greatly reduced, and 
costly delays occasioned the sorting 
and further processing material con- 
taining wet cores unrecovered col- 
lapse can avoided. 


not suggested that presteaming 
will necessarily increase the drying rate 
lypts. For example, experimental work 
has shown that the drying rate the 
more tolerant gigantea from the 
Heyfield district Victoria not in- 
fluenced presteaming treatment. 
This also likely the case with 
other species which normally dry 
reasonable rate without any special 
complications. 


The evidence available far sug- 
gests that presteaming may find its 
most important application with those 
species which hitherto have caused con- 
siderable difficulty seasoning. has 
been estimated that the introduction 
presteaming Australia could result 
mately £100,000 ($278,000) per en- 
num. Reports from seasoning plants 
that have accepted the practice pre- 
steaming indicate that the treatment 
has resulted improved recovery from 
collapse, less degrade, better 
machining qualities. 


The effect presteaming the 
permeability wood now requires 
clarification and initial work this 
nature has already commenced. the 
reported reduction drying degrade 
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can probably attributed modifica- 
tion drying stresses presteamed 
material, intended study this 
aspect also future work. Other stud- 
ies hand planned include 
examination the effect presteam- 
ing equilibrium moisture content, 
density, and shrinkage: studies the 
effect drying rate steaming 
temperatues lower than 212°F. are 
being considered. 


also proposed carry out fur- 
ther research the combined effects 
predressing and presteaming 
drying rate. Apart from the influence 
drying, the advantages that could 
accrue from the predressing (pre-siz- 
ing) green lumber would greater 
uniformity stacking, cleaner stacks 
after air drying, less wear and tear 
the moulding machines during final 
finishing operations, increased 
planer throughput. 
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Distortions Wood: 


STEVENS 


Forest Products Research Laboratory 
Princes Risborough, England 


OOD DRYING HAS NATURAL 

tendency shrink, but not 
equal amounts all directions. 
distortions occasioned the applica- 
tion external forces neglected, 
then all forms distortion drying 
piece wood generally are attrib- 
utable the shrinkage differences 
along the three principal axes. Sym- 
metrical shrinkage expansion all 
directions any material does not 
affect the overall shape, even though 
the actual dimensions are altered, 
the case semi-inflated balloon 
which, though smaller dimensions, 
exactly the same shape when 
fully inflated. 


Most wood, however, exhibits the 
greatest tendency shrink expand 
the direction the annual rings, 
whereas movement relatively small 
the direction the grain 
longitudinally. 

Forms Distortion 

Cupping: “Cupping” may de- 
fined simple curvature the trans- 
verse section piece timber, 
which occurs usually consequence 
the fact that shrinkage tangential 


the annual rings exceeds that the 
radial direction. 


board cupped result dif- 
ferential shrinkage the two direc- 
tions illustrated Figure will 
noted that the board slash-sawn 
and that the curvature the end sec- 
tion the opposite sense the cur- 
vature the annual rings. 


order explain just why such 
piece behaves this manner when 
dried, let supposed that the unit 
radial shrinkage the piece may 
represented the symbol and the 
tangential the symbol Now 
shrinkage the radial direction 
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Drying With and Without Restraint 


Fig. 1.—A board cupped result differential shrinkage, the curvature being 
the opposite sense that the rings. 


Wood has tendency 
shrink differing amounts 
various directions. This leads 
inherent tendency for cer- 
tain pieces distort out 
shape when dried. The particu- 
lar tendency explained here 
and certain methods devised 
for limiting its effects sea- 
soned material are presented. 


accompanied equal shrinkage 
the tangential circumferential 
direction would result only de- 
crease the cross-sectional dimensions 
but would cause alteration shape. 
From the point view distortion, 
therefore, the radial shrinkage may 
anced equal shrinkage the 
tangential direction. The excess tan- 


the 1961 Annual Meeting 
the Forest Products Research Society, Louisville, 
Ky., Session Division (Drying A), June 
21, 1961. 
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gential shrinkage given here can- 
not, however, balanced any 
equal shrinkage radially and its effects 
may best seen Figure 


The straight line here repre- 
sents initially straight edge 
end section board after shrinkage 
has taken place radially and equal 
shrinkage has been assumed have 
taken place tangentially. The concen- 
tric curved lines represent number 
annual rings seen this end 
section. The center curvature the 
rings and the straight line 
the point marked 


now assumed that the excess 
unit tangential shrinkage takes place 
and respectively, such that the cir- 
cumferential movement each case 
times the original circumferential 
distance the particular point from 
the vertical line OA. these particu- 
lar positions the postulated shrinkage 
conditions for points along have 
been fulfilled, and clearly the half 
length the line now passes 
through the points and 
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Fig. 2.—Curvature induced when tangential 
shrinkage excess radial. 


The final contour the initially 
straight line thus seen curved 
direction opposite that the 
annual rings, the board has 
cupped. Geometrical considerations 
alone suffice explain the natural ten- 
dency slash-sawn board cup 
drying, and reference need made 
the fact that the face such board 
more remote from the center tree 
tends shrink more than the other. 
The latter explanation, though simpler 
grasp, tends imply that stresses 
and bending moments must inevitably 
induced across the section which 
are directly responsible for the curva- 
ture observed, whereas this fact 
not the case. 


second point brought out from 
geometrical considerations that the 
extent the cupping produced de- 
pendent mainly the excess tan- 
gential over the radial shrinkage, and 
not upon the ratio the two has 
often been supposed. 

Other causes, such internal stress- 
ing set drying and shrinking 
one face advance the other may 


lead board cupping but these are’ 


not dealt with here. 


Bowing and Springing: The forms 
distortion usually referred 
“bowing” and may 
defined being simple curvature 
piece wood the direction 
its length. Such distortion tends 
take place when the direction the 
grain straight piece curved 
relation the faces edges, and 
brought about usually consequence 
the fact that shrinkage along 
tangential the grain fibers ap- 


Fig. 4.—Twist attributable spiralled grain. 


preciably smaller than direction 
normal the grain. appreciate 
how such piece would tend react 
when drying occurred, let as- 
sumed that the curved lines Figure 
represent now grain lines. For con- 


this particular piece they 


are assumed circular and concen- 
tric. From geometrical considerations 
has already been shown with set-up 
this character that circumferential 
shrinkage which excess the 
radial must tend cause the initially 
straight edge curve, whereas 
curvature induced the shrink- 
ages these two directions are equal. 
Similarly, the circumferential shrink- 
age now less than the radial, the 
line again caused curve but 
the opposite sense. Shrinkage along 
the line the grain nearly always 
appreciably less than shrinkage nor- 
mal it, and hence, there piece 
containing curved grain 
for curve when drying 
occurs but now the same direction 
sense the curvature the grain. 


piece distorted this way illus- 
trated Figure where will 
noted that the curvature the same 
direction the curvature the grain. 
External forces internal stressing 
one sort another may respon- 
sible for distortions this kind, but 
such considerations are beyond the 
scope the present discussion. 


Twisting: may de- 
fined lengthwise spiral distortion. 
frequently attributable the fact 
that the grain piece timber 
the growing tree. order 
demonstrate the effect produced 


Fig. beech plank bowed result grain curvature. Lines indicated direction grain. 
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Fig. 5.—Twist attributable method 
conversion. 


when such material dried and 
shrinkage takes place, let imag- 
ined that the grain tree twisted 
the form helix. 


Figure represents square cut 
from this tree, and the grain here 
assumed take the form lines 
wrapped around imaginary concentric 
cylinders. represents one such 
grain line, with halfway along one 
top edge and halfway along bot- 
tom edge face right angles 
the face containing the point 

This square drying will tend 
shrink the direction and normal 
the annual rings, but the shrinkage 
the direction the grain will 
very small. Tangential and radial 
shrinkage will tend reduce appre- 
ciably the length the periphery 
the imaginary cylinder referred 
above, and this clearly will tend 
shorten the length the line 
appreciably. 

Now postulated that the shrink- 
age shortening the grain line 
very small, that, unless the ver- 
tical distance from increases, 
follows that the conditions imposed 
can fulfilled only increasing the 
angle embrace the helically 
shaped grain line. there 
known evidence show that the 
length spirally grown piece 
timber increases consequence 
drying, not unreasonable as- 
sume the instance given that the 
point will tend move counter- 
clockwise direction relative in- 
dicated the arrow, and that twist 
will develop the initially straight 
piece timber. 

may shown also that twisting 
may induced timber that does 
not contain spiral grain referring 
the diagram (Figure 5). The full 
lines depict slash-sawn board which 
has cupped the natural result 
differential shrinkage, and the dotted 
lines give indication the shape 
assumed rectangular sectioned 
piece cut diagonally from it. This piece 
clearly both bowed and twisted and 
reasonable assume that had 
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Fig. 6.—ABCD represents unwrapped 
wooden cylinder. 


been cut initially from the board 
the above manner would, dried 
separately, have tended final shape 
similar that shown. 


Factors Affecting the Degree 
Twisting: Investigations were under- 
taken recently the Forest Products 
Research Laboratory determine the 
significance various factors such 
angle spirality the degree 
twisting likely induced con- 
sequence either shrinkage ex- 
pansion. First, the degree twisting 
very narrow annual ring was calcu- 
lated from geometrical considerations 
and the result then compared with ac- 
tual measurements made wooden 
tube. 


Let then assumed for the pur- 
poses calculation that cut parallel 
the axis the thin cylinder has 
been made the wall, and that 
has then been unwrapped and laid out 
flat. The rectangle ABCD Fig- 
ure represents this unwrapped 
inder which has length given 
bottom the cylinder then are rep- 
resented and respectively 
and these are each equal where 
the radius. Through the central 
point the rectangle, the line 
axis represent the line the in- 
clined grain and this cuts the 
point now assumed that 
expansion units per unit width 
takes place, but direction normal 
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the grain. longitudinal expan- 
sion the direction assumed 
represents the new position taken 
after expansion has taken place. 
new position obtained. 

From the line B'Z drawn par- 
allel XY. 

tan cos 
1/2 tan cos 

Similarly tan 

tan 

Since for small angles tan 
follows that differs from 

When shrinkage expansion, 
relatively small, the above expression 


may simplified From this 


expression the difference between 
angles and ABC can cal- 
culated approximately and hence the 
final angular displacement straight 
line drawn initially right angles 
the top and bottom the cylinder. 

The angle twist measured 
the axis the cylinder, i.e. the angle 
rotation one end relative the 
other, then given as: 

order test the validity the 
calculations arrived from 
cal considerations, number wooden 
tubes were turned from bolts Sitka 
spruce (Picea sitchensis) grown 
Britain containing spiralled grain. 
These were turned that their axes 
followed closely possible the 
line the pith. The thickness 
each tube wall was about inch and 
the length was between 614 and 
inches. Each tube was dried initiaily 
about percent moisture content 
which condition its diameter was 
measured with micrometer and 
was then mounted the test frame 
shown Figure 

This framework consisted essentially 
base which one end the 
wooden tube could clamped and 
elevated scale suitably positioned 
for the measuring the angular move- 


This paper published with the permission 
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Fig. test frame which the wooden 
cylinders were mounted. 


ment the free end relative the 
clamped. metal pointer was fitted 
each the freely rotating ends 
specimens and such manner that 
the movement could easily meas- 
ured along the scale. From these meas- 
urements, the angle twist could 
determined. The complete framework 
with several tubes mounted position 
the air was maintained constant 
percent r.h. and the temperature 
77° When the twisting the tubes 
consequent upon moisture absorption 
had ceased occur, the twist angles 
were recorded and the diameters 
the various test specimens measured 
the same manner initially. Thus 
were obtained the angle twist and 
the expansion per unit width that 
only remained measured the spi- 
rality angle This angle was meas- 
ured splitting each 
down the length its axis and draw- 
ing lines with sharp pointed scribe 
along both the concave and convex 
faces the two segments. The steel 
point the scribe tended follow 
the grain lines and the inclination 
those lines with the line the axis 
the tube, i.e. the tree, 
was measure the angle spirality. 


the first series tests, nine tubu- 
were prepared, each 
with mean diameter 11/ inches. 
The measurements and results obtained 
these are given Table 


From this will seen that the 
mean the calculated angles twist, 
namely 0.0420 radians, compared very 
favorably with the mean the actual 
which was 0.0412 radians. the sec- 
ond series tests, four tubes dif- 
ferent diameters varying from 0.375 
in. 1.4 ins. were turned from trees 
with varying spirality grain. 

The results obtained are shown 
Table from which can seen 
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Table 1.—MEASUREMENTS AND RESULTS SPECIMENS WITH DIAMETER INCHES 


Calculated 
angle 
twist 
Angle spirality 

(radians) a=1 Measured 

Unit Effective Radius angle 

Sample Outer Inner expansion length (1) r 1+s r 1+s twist 

No. surface surface Mean s (in.) (in.) (radians) (radians) (radians) 

0.121 0.0384 6.5 0.75 0.00895 0.0776 0.0771 

0.077 0.0439 6.65 0.75 0.00648 0.057 0.0660 

0.046 0.0404 6.45 0.75 0.00357 0.0307 0.0287 

0.086 0.058 0.072 0.0349 6.3 0.75 0.00486 0.0408 0.0337 

0.095 0.064 0.080 0.0350 6.3 0.75 0.00541 0.0455 0.0477 

0.031 0.051 0.041 0.0362 6.3 0.75 0.00287 0.0241 0.0314 

0.065 0.039 0.052 0.0371 6.3 0.75 0.00372 0.0313 0.0247 

Ne eae 0.085 0.061 0.073 0.0391 6.3 0.75 0.00549 0.0462 0.0450 

; ener 0.042 0.047 0.045 0.0338 6.3 0.75 0.00294 0.0247 0.0160 

*The angular displacement straight line initially parallel the pith. 
Table 2.—RESULTS TESTS WITH FOUR TUBES DIFFERENT DIAMETERS 
Calculated 
angle 
twist 
Angle of spirality @ 

(radians) 2s Ox a=1 2s9 Measured 

Unit Effective Radius _— angle of 

sample Outer Inner expansion length (1) r 1+s r 1+s twist 

No. surface surface Mean s (in.) (in.) (radians) (radians) (radians) 

0.079 0.027 0.053 0.0341 6.3 0.375 0.00350 0.0587 0.0930 

0.063 0.052 0.058 0.0392 6.65 0.75 0.00438 0.0388 0.0410 

0.038 0.024 0.031 0.0379 0.00226 0.0140 0.0145 

0.081 0.052 0.067 0.0336 6.65 1.40 0.00436 0.0207 0.0183 


*The angular displacement straight line initially parallel the pith. 


that there good agreement between 
the calculated and actual, except the 
sample very small diameter, which 
twisted appreciably more than the cal- 
culated amount. 


would appear from the results 
these tests that, provided the angle 
spirality the grain known, 
the angle that one end thin 
tube wood cut concentrically with 
the pith tree rotates relative 
the other, consequence lateral 
units per unit radius, 
can calculated from the formula 


tube and the radius. Reference 
Figure shows that when the 
case depicted, expansion takes 
place, this causes the sides and 
the unwrapped tube incline 
angle the base the direction 
opposite that the grain line XY. 
shrinkage would conversely have 
caused the sides incline the same 
direction the grain. This implies 
that when the tube absorbs moisture 
and expands the direction rotation 
the grain and conversely that when 
dries and shrinks the rotation the 
same direction that the grain. 
practice, was found that the angle 
spirality varied enormously from 
point point circumferentially, radi- 
ally and longitudinally. the sample 
very small diameter, for example, 
the angle slope was 4.5 degrees 
the convex face and 1.5 degrees 
the concave, distance apart 
more than inch. 


became obvious from the theo- 
retical considerations and from the 
test results that increase radius 
decrease spirality angle led, 
other things being equal, decrease 
the angle twist. 


The significance this finding 
that annual rings tend twist de- 
creasing amounts the distance from 
the pith increased unless should 
happen that the spirality also in- 
creases with the distance outwards 
from the pith, Measurements made 
number trees gave indication 
that there was fact tendency for 


grain inclination increase with in- 


creasing distance from the pith and 
hence internal-torsional stresses must 
induced this timber drying 
tends cause consecutive annual rings 
generalization then may deduced 
that slash-cut material from near the 
outside tree wide quarter-cut 
material from older, i.e. larger, trees 
would less likely twist sea- 
soning than material 
trees. 


Reducing Distortion Restraint 


Bow and Cup: matter 
common observation that boards which 
are seasoned carefully built stacks 
distort less than those which are dried 
singly and that the boards near the 
bottom stack generally remain 
flatter and straighter than those the 
upper layers. short, boards that are 
forcibly restrained and held flat 
mechanical means while they are dry- 
ing not only distort less but become 
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shape even after the restraint has been 
removed. 


number tests were recently 
made the Forest Products Research 
Laboratory examine the extent 
which distortion can fact reduced 
the imposition mechanical 
straint during drying and study the 
behavior timber dried 
straint after the externally applied 
forces had been removed. 


these tests was clearly neces- 
sary compare the behavior re- 
strained samples with that matched 
controls which were allowed dry 
quite freely. was found vir- 
tually impossible obtain natural 
wood samples which were closel 
matched the sense that they all pos- 
sessed the same inherent tendency 
distort particularly the longitudinal 
direction and was decided therefore 
make samples calculated dis- 
tort desired, bonding together 
two laminae with different shrinkage 
characteristics. The laminae used for 
the first series were cut from straight 
grained boards beech (Fagus syl- 
vatica) and African mahogany (Khaya 
ivorensis), and the various types 
laminae used were matched within 
each type closely possible. All 
material was conditioned first 
moisture content about percent 
and those samples designed “cup” 
drying were made both beech 
and mahogany, gluing quarter- 
sawn strip (measuring inch along 
the grain, inches the radial direc- 
tion and inch thick) flat-sawn 
strip (measuring inch along the 
grain, inches the tangential di- 
rection and inch thick). Those 
designed drying were 
prepared, again both beech and 
mahogany, gluing one quarter-sawn 
strip, inches long, inch wide and 
inch thick, with the grain parallel 
its length, another the same 
size and also quarter-sawn but with 
the grain angle degrees 
its length. addition further sam- 
ples which could expected “cup” 
drying were obtained simply 
cross-cutting adjacent pieces from 
board which, after conditioning, had 
been planed width inches 
and thickness inch. These 
samples measured inch along 
the grain, and were included that 
their behavior could compared with 
that the cup samples 2-ply con- 
struction. One half the total num- 
ber samples were treated controls 
and dried without restraint room 
kept 77° and percent humid- 
ity. The restrained samples were 
clamped between flat steel bars 
throughout the period drying. The 
samples did not very 
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RELEASE OF CLAMP 


appreciably under the above conditions 
and they then were transferred 
room kept 77° and percent hu- 
midity. The clamps were released from 
all samples after days, and thereafter 
for further 120 days the samples 
were periodically weighed and meas- 
ured for distortion. and 
were measured the deviation from 
the flat over spans inches and 
514, respectively and results obtained 
are shown Figures 12. All the 
samples which had 
during drying distorted some ex- 
tent soon the clamps were re- 
leased, but this initial distortion was 
slight compared with that the 
unrestrained samples. Thereafter, for 
period there was gradual increase 
distortion the rate which fell off 
with time. 

The ultimate distortions recorded 
the samples are given Table 
and those the restrained are ex- 
pressed percentage the con- 
trols. would appear from 
sults that restraint imposed during 
drying proportionately more effec- 
tive reducing distortion with beech, 
species noted for its wood-bending 
properties, than with African mahog- 


Ww 
0:20 
e 
3 | | —— CONTROLS DRIED AT 77°F 


RESTRAINED SAMFLES DRIED AT 77°F 


CONTROLS DRIED AT 77°F 
——— RESTRAINED SAMPLES DRIED AT 77°F 


any. Restraint appears also more 
effective reducing cross-grain dis- 
tortion (cup) than longitudinal dis- 
tortion. There was fairly good agree- 
ment between the results obtained 
with the 2-ply samples and the 
solid wood cup samples. point 
fact there was more variation the 
behavior the several wood 
samples than that the made-up 
samples, and even though the internal 
stress patterns are clearly not the same 
the composite the sam- 
ples the decision use the former for 
studies problems relating distor- 
tion seems from these findings 
more less justified. 


second series tests next was 
carried out examine the effects 
imposing restraint during drying over 
wider moisture content range and 
subjecting the samples, while un- 
der restraint, 12-hour heat treat- 
ment 212°F. Keruing 
carpus spp.) was used for the experi- 
ments because happened avail- 
able, and was thought that would 
interest compare its behavior 
with that the species previously 
tested. 


Table 3.—ULTIMATE DISTORTION AFRICAN MAHOGANY AND BEECH 


African mahogany 


Beech 


Distortion of 
restrained as 


Distortion of 
restrained 


Control Restrained percentage Restrained percentage 
samples samples distortion samples samples distortion 
Type of sample (in.) (in.) controls (in.) (in.) controls 
0.112 0.079 71 0.26¢ 0.125 47 
OEE ee eer 0.113 0.045 40 0.232 0.066 28 
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Fig. 8.—Beech samples, dried 77° 


ELEASE OF CLAMP 


DAYS 


Fig. 9.—Beech samples, dried 77° 


Two-ply samples were again used 
and were end-matched carefully 
possible. Samples dried from the 
green condition were obtained from 
freshly cut material and strips used 
were stored under water while they 
were waiting glued together. 
Those dried from initial mois- 
ture content percent were ob- 
tained from boards conditioned already 
that figure. 


the preparation the 2-ply sam- 
ples from green strips, the strips were 
placed for short period flat 
table constant humidity room kept 
percent that relatively dry 
skin formed near the exposed upper 
face each strip. Resorcinol glue was 
then applied these drier faces and 
the strips were bonded together 
pairs and placed clamps. The whole 
assembly was next wrapped rubber 
sheeting prevent further moisture 
loss and left overnight tempera- 
ture 77°F. for the glue set. Fi- 
nally the 2-ply samples thus formed 
were stored under water for 
weeks ensure that they would 
uniformly wet the commencement 
the tests. 


Green and air-dried samples, 
clamped and unclamped were dried 
approximately percent moisture 
content 77°F. and humidity 
percent. 


Similar sets samples were dried 
from the green state temperature 
140°F. After period weeks, 
four restrained samples from each 
the sets were placed metal box 
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Fig. 10.—African mahogany samples, dried 77° 


which was then sealed and transferred 
for hours miniature kiln with 
temperature kept 212°F. After this 
treatment the samples were returned 
the percent room cool, and all 
were released from restraint after 
days. 


Measurements the distortion were 
made the controls throughout the 
drying period and the restrained 
from the time that the clamps were 
removed. The distortions were re- 
corded the deviations from the flat 
over span inches. 


The results are given graphical 
form Figures and are 
summarized Table this table, 
the distortions the restrained sam- 
ples are recorded both absolute val- 
ues and percentages the distor- 
tions the corresponding controls. 
Figure shows the extent which 


distortion was reduced restraining. 


the samples. From these results may 
seen that the behavior the keru- 
ing samples resembled those the 
beech and African mahogany that 
the ultimate distortion the re- 
strained samples was invariably much 
less than that the controls and 
the distortion the restrained sam- 
ples gradually increased after release 
the clamps, the time required 


120 140 160 


SAMPLES 
CONTROLS 


60 80 100 120 140 160 
DAYS 


Fig. 11.—African mahogany samples, dried 77° 


reach final steady shape being shorter 
with the samples which were kiln 
dried 140° than with those dried 
77°F. The ultimate distortion 
the restrained samples dried 140°F. 
expressed percentage the con- 
trols was less than that those dried 


That the heat treatment 212°F. 
had beneficial effect made clear 
from Table The effect was less 
marked samples dried 140°F. 
than those dried 77°F., but this 
not surprising since without treat- 
ment the former distorted appreciably 
less than the latter. 


Table shows the behavior the 
samples which were dried from the 
green with that those dried from 
initial moisture content about 
percent, and, from this, can ob- 
served that the greater reduction 
“cup” occurred the specimens that 
were green initially. 

generalization, the findings 
would seem suggest that the great- 
est benefits from imposing mechanical 
restraint designed inhibit distortion 
can obtained when the timber 
dried from high moisture content 
relatively high temperatures, and/or 
subjected relatively short high 
temperature treatment when almost 


dried. 


Table 4.—MEASUREMENTS DISTORTION KERUING SAMPLES 


Distortion 


Twist: Already has been shown 
that the tendency piece wood 
the presence spiralled grain de- 
creases with distance from the pith 
the tree. would follow that, gen- 
eral, boards planks sawn from near 
the bark tree would tend twist 
less than similar pieces cut across the 
heart. This was fact borne out time 
and again when boards British- 
grown Sitka spruce were dried from 
the green the Laboratory deter- 
mine their seasoning properties. For 
example, was found that the aver- 
age twist quarter-cut boards 
containing the heart when dried with- 
out restraint percent moisture 
content was about degrees 
length feet whereas the corre- 
sponding slash-cut boards cut remote 
from the heart showed twist, when 
similarly dried, only degrees. 


Having investigated the factors 
leading twist, considerations had 
given methods minimizing 
eliminating this form degrade. 
most satisfactory method elimina- 
tion would produce new strain 
tree which the grain everywhere 
was straight and parallel with the 
pith. Possibly, geneticists and other 
forestry research workers will achieve 
this object time but clearly this 


Samples restrained 


Samples restrained and heated 
for hrs. 212°F. 


release clamps Ultimate release clamps Ultimate 
per- per- per- per- 
Method of Initial Control centage of centage of centage of centage of 
Type of sample drying condition samples Actual controls Actual controls Actual controls Actual controls 


Green 0.345” 


0.025” 7 0.058” 17 0.015” 4 0.022” 6 
77°F. 
“Cun” Kiln Green 0.578” 0.021” 4 0.037” 7 0.019” 3 0.024” 4 
at 140°F. 
“Cup” Room dried Approximate 0.254” 0.027” 0.060” 0.020” 
77°F. 20% M.C. 
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solution cannot apply the timber 
that already growing. 

apparent also that improve- 
ment the final shape and quality 
the dried material would effected 
rejecting during conversion all por- 
tions containing near the heart. 
This not feasible when the trees 
question are, for example, about 
years old and hence relatively small 
diameter. 

method limiting twist me- 
chanical restraint was however deemed 
practicable and worth investigat- 
ing. had been observed that Sitka 
spruce drying twisted always the 
one direction and the method devised 
then consisted essentially construct- 
the opposite direction such green ma- 
terial had kiln dried. 

The primary object this method 
procedure was, course, induce 
mechanically counteracting twist and 
maintaining this for sufficiently 
long period under suitable conditions 
ensure that the dried material when 
released from restraint would retain 
degree set’’ the one 
direction just equal that inherent 
the material twist the other direc- 
tion consequence drying. The 
material available for experiment was 
parcel 4-by 2-inch and 5-by 2-inch 
green Sitka spruce dried prior 
use for building construction. 
left-handed twist about degrees 
length feet was anticipated 
and was decided arbitrarily in- 
duce mechanically the green mate- 
rial right handed twist that 
amount. This was accomplished in- 
creasing gradually 
along the length the pile the slope 
the bearers set support the main 


dried 


Fig. samples dried from green 140° 


Fig. 12.—African mahogany solid wood samples, 


RESTRAINED 


RESTRAINED & HEATED 


Fig. samples dried from green 140° 


Table 5.—BEHAVIOR DRIED SAMPLES DRIED FROM THE GREEN AND FROM PERCENT M.C. 


Type of 
Initial condition sample Controls 


vertical rows piling sticks. The 
wood then was piled the normal 
manner with inch thick separating 
sticks, but twisted base. The 
length pile question was feet 
and the top this were placed 
five steel joists, the ends which 
were connected the floor the kiln 
graph screws the manner illustrated 
Figure 17. tightening the screws, 
pressure was brought bear the 
top the load and the desired initial 
mechanical twisting all the pieces 
the load was satisfactorily brought 


Restrained samples 


Samples restrained 
and heated 


As percentage As percentage 


Actual controls Actual controls 
0.058” 17 0.022” 6 
0.060” 24 0.033” 13 


about this manner. Under one 
the slings 
gauge measuring device was inserted 
that some idea the magnitude 
the holding-down 
could obtained. 

control, load similar mate- 
rial was piled adjacent kiln 
the normal manner flat base. 

The load was heated 
percent humidity and the tension 
each the slings was set nearly 
could gauged about 1,800 
pounds. This tension dropped dry- 
ing and shrinkage took place and the 
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Fig. samples dried from green 77° 


slings had tightened once 
twice day readjust the tension 
around the initial value. The drying 
schedule was relatively mild but 
the conclusion drying average 
moisture content about percent 
the load was subjected softening 
treatment 180°F. and 
r.h. This final treatment was given 
help induce the 
restrained material, i.e. make less 
inclined spring back and twist 
the opposite direction when the im- 
posed forces were released. 

The loads were finally unpiled and 
from each were taken random 
pieces and these the twist over 
length feet was measured. 
order obtain some idea the mag- 


| 


nitude such might take 
place, exactly similar measurements 
were made about 
Moisture changes were prevented from 
taking place wrapping the sample 
pieces polythene sheeting. 

The results were summarized and 
were given the tabulation below. 


The reduction twist brought about 


Spruce dried normal base 


Average twist in degrees 


| 
CONTROLS } 
O--—--O RESTRAINED 


RESTRAINED AND HEATED (12 HOURS AT 212°F) 


Fig. samples dried 77° from initial moisture 
content approximately percent. 


this method was very pronounced 
and make allowance for the inevit- 
able the angle twist the 
base might here have been increased 
somewhat. practice the tensioning 
device could replaced weights 
placed the top the pile 
heavy springs the side. arrange- 
ment which the weight the load 


Spruce dried twisted base 


Average twist in degrees 


Absolute Algebraic 


Absolute 


Range Algebraic Range 
3.79 +3.79* +0.85 to 1.08 -—0.2 —3.4 to Initially 
+7.97 +3.6 
5.04 +5.04 +1.67 to 1.43 +0.62 —3.5 to After 244 weeks 
+8.71 +5.8 


*The positive sign signifies left-handed twist. 


Fig. 17.—A load Sitka spruce strapped twisted base. 


may used impose pressures 
the top quite practicable one and 
might employed with advantage 
this particular connection. has been 
adequately demonstrated that the in- 
herent tendencies for wood distort 
drying can greatly counteracted 
the proper application external 
forces particularly when for periods 
during the process high temperatures 
are employed. only remains 
said that the most careful piling with 
sticks vertical alignment essential 
for restraint treatments prove effec- 


tive throughout entire load 
timber. 


Summary 


result differential shrinkage, 
there usually tendency for wood 
distort during drying, and the manner 
which different forms distortion 
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occur explained this paper. Twist- 
ing mainly attributable spirality 
the grain, and has been deduced 
from purely geometrical considera- 
tions, and confirmed experimentally, 
that the tendency twist increases 
with increase the angle spiral- 
ity and decreases the distance from 
the pith increased. 


Experiments have been made find 
what extent distortion can 
duced imposing restraint the 
wood dries. The results show 
that, sample held flat and 
straight during drying, some distortion 
straight during drying, some distor- 
tion will occur immediately when the 
restraint removed, and for time 
thereafter there will gradual in- 
crease the distortion before steady 
shape finally assumed. The ultimate 
distortion is, however, much less than 
that which occurs matched material 
dried without restraint. was found 
that restraint was more effective with 
beech (Fagus sylvatica) than with 
African mahogany (Khaya ivorensis), 
more effective green wood than 
partially dry, and more effective 
high temperatures than low; also that 
cross-grain distortion could reduced 
greater extent than longitudinal 
distortion. 


has been observed that planks 
Sitka spruce (Picea sitchensis), grown 
Britain, always twist the same 
direction, though not, course, the 
same amount. With view taking 
advantage this characteristic, experi- 
mental these planks have been 
stacked for kiln drying base de- 
liberately twisted direction oppo- 
site from that which the planks 
would twist dried freely. Steel joists 
were placed across the tops the 
loads, and steel straps and telegraph 
screws were provided that the loads 
could tightly strapped the base 
throughout the kiln treatment. The 
planks dried this way had final 
average twist only 1.43 degrees 
whereas similar planks stacked for 
kilning the normal way developed 
average twist 5.04 degrees. 
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Characteristics 


Compression Wood 


Some Native 


State University College Forestry 
Syracuse University 
Syracuse, New York 


The authors present electron microscopic 
evidence the nature spiral checking 
the secondary cell walls compression 
wood tracheids this study. Emphasis 
placed the importance recognizing 
compression wood softwoods well 
the frequency occurrence this type 


reaction wood. 


COMPRESSION WOOD has 
been long recognized special- 
ists serious defect softwoods, 
the average user wood has little 
appreciation for its seriousness and 
frequency occurrence. There have 
been few references compression 
wood articles published the 
nal and various wood products labo- 
ratories have prepared bulletins per- 
taining this form reaction wood. 
However, judging from the number 
and frequency problems that arise 
compression wood, least failure 
eliminate it, seems appropriate 
expand upon this subject. 


Since compression wood differs sig- 
nificantly from normal wood, should 
excluded from use where the prop- 
erties abnormal longitudinal shrink- 
age and swelling other character- 
istics would contribute eventual 
failure the final product. This 


The Authors: Mr. Core instructor, Mr. 
assistant professor, and Mr. Day, micro- 
scopy technician, all the Wood Products En- 
gineering Department the State University 
College Forestry, Syracuse University. 


Reprints Available. Circle Item 35. 


true wood everyday use well 
ance values are being appraised. With 
this goal mind, this article reviews 
the characteristics compression wood 
and presents pictorially some the 
variation that encountered the 
reaction wood several native coni- 
Both microscopic and macro- 
scopic structure are 
hoped that these photographs will 
use the production manager and 
the laboratory worker. Although 
microscopic equipment not available 
everyone, perhaps knowledge the 
structure compresison wood will 
encourage wood inspect sus- 
specimens carefully critical 
applications. 


Compression wood the form 
reaction wood found 
some stimulus the cambium when 
the tree forced out its normal 


contributed paper approved for publica- 
tion June, 1961. 


Cited the end this report. 
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Fig. 1.—The use transmitted light for the detection com- 
wood thin stock. The opaque area the eccentric portion 
the cross-section compression wood. 


growth pattern. Almost invariably 
found the lower sides branches 
and the lower side leaning trees. 
When occurs, the growth rings 
the compression wood area usually in- 
crease width and the rings the 
opposite side decrease causing eccen- 
tricity the stem. The straightening 
effect compression wood young 
stems quite noticeable, frequently 
causing over-correction and giving 
the stem slightly S-shaped form. 
Young trees leaning little de- 
grees from the vertical will form 
compression wood many instances. 


Review Literature 


not the intention this article 
present comprehensive survey 


Fig. 2.—Cross-section redwood, Sequoia 
sempervirens (D. Don) Endl., showing rounded 
compression wood tracheids with pronounced 
radio-longitudinal checks. Intercellular spaces 
are prominent and the parent wall can 
seen crossing some these spaces. 400X. 
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the literature pertaining causes 
compression wood formation. How- 
ever, for those who wish pursue 
this subject further, the several refer- 
ences are offered suggested reading. 


Among the earliest references cited 
the literature are those Mer (1),? 
Hartig (2, 4), and Cieslar (5). 
the United States, the work 
Burns (6), Pillow and Luxford (7), 
and Sinnott (8) added significantly 
the information compression 
wood. Burns did experimental work 
investigate the causal agencies 
compression wood formation, much 
which confirmed the earlier work 
Hartig. Pillow and Luxford made 
extensive study the occurrence, 


Fig. 3.—Spiral checking the longitudinal, 
tangential walls compression wood tra- 
cheids redwood, Sequoia sempervirens (D. 
Don) Endl. 400X. 


structural characteristics, and mechani- 
cal properties compression wood. 
Sinnott repeated and confirmed earlier 
work Hartmann (10, 11, 12) which 
consisted inducing compression 
wood formation bending young 
stems and branches 
tion indicating that gravity not the 
sole causal agent. Spurr and 
(9) summarized the existing knowl- 
edge the formation and function 
compression wood and included 
extensive bibliography the literature. 
Bailey and Kerr (13) and Wardrop 
and Dadswell (14) contributed mate- 
rially the knowledge cell wall 
structure compression wood tra- 
cheids. Other recent contributors 
the general field include Onaka (15) 
and Perem (16). 


Characteristics Compression 
Wood 


Reaction wood conifers recog- 
nizable logs through the presence 
eccentric growth rings (Figure 
and more gradual transition between 
springwood and summerwood than 
normal wood (Figures 19a, 19b). This 
particularly true the softwoods 
with abrupt relatively abrupt transi- 
tion between springwood and summer- 
wood. However, woods that have 
gradual transition, the summerwood 
may appear more pronounced than 
normal due the increased amount 
thick-walled cells that are present. 
This has been noted the spruces, 
soft pines, and Atlantic white-cedar, 
Chamaecyparis thyoides (L.) 


boards, compression wood zones 
show abnormally wide annual 


Fig. 4.—Spiral checking the longitudinal, 
radial walls compression wood tracheids 
redwood, Sequoia sempervirens (D. Don) 
Checking present the thick-walled sum- 
merwood tracheids, but absent the spring- 
wood cells; characteristic situation. 
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very fine, radio-longitudinal spiral checks are shown 
well the broader ones which are visible with the light microscope. 
Note that the checks traverse the secondary wall only far the 


Fig. 5.—Electron micrograph ultra-thin cross-section com- 
Pression wood redwood, Sequoia sempervirens (D. Don) Endl. The 


layer. Other structures shown include bordered pit pair and warts. 


Specimen thickness: 1/20 micron. 6700X. 


rings which are less clearly delineated 
than normal wood because lower 
contrast between springwood and sum- 
merwood. Most observers agree that, 
longitudinal surfaces, compression 
wood has non-lustrous, lifeless ap- 
pearance, contrasting with the adja- 
cent normal wood. many species 
compression wood areas appear more 
reddish than the normal wood, the 
wetted-end surface. shown Fig- 
ure compression wood can de- 
tected thin sections wood its 
relative opacity light. 

Compression wood considerably 
heavier than normal wood, but 
nevertheless generally weaker, weight 
for weight. addition, brashness 
condition which associated with 
compression wood. 
pronounced compression wood zones 
shrink more longitudinally less 
transversely than normal wood. Where 
bands compression wood are found 
adjacent normal rings there 
greater tendency for bending, twisting, 
and splitting due differential shrink- 
age. 


Fine Structure 


the microscopic level there are 
also deviations from the normal. These 
include cell shape cross-section, 
inter-cellular spaces, and spiral check- 
ing. Coniferous tracheids generally ap- 
pear square, rectangular, polyg- 
onal cells cross-section, but com- 


358 


pression wood the tracheids are more 
nearly circular shape. Figures 
and shows the comparison be- 
tween these two conditions differ- 
ent species. Figure illustrates rounded 
cells higher magnification and also 
shows inter-cellular spaces the junc- 
tion four tracheids; they occur 
consequence the rounding the 
cells. 


Fig. 6.—Electron micrograph pseudo-replica technique showing 
actual lamellar tissue from the layer the secondary wall 
compression wood tracheid. fine spiral check shown 
this thin lamella. Eastern white pine, Pinus strobus Cell axis 
indicated arrow left side micrograph. 11,000X. 


The same photomicrograph shows 
spiral checking the secondary cell 
wall seen the cross-section. This 
feature, illustrated longitudinal sec- 
tion Figures and has been 
found invariably present com- 
pression wood, mild pronounced, 
green dry. These spiral checks fol- 
low the general fibrillar alignment 
the middle layer, the secondary 


Fig. 7.—Whitebark pine, Pinus albicaulis Engelm. Normal (A) and compression (B) wood 
cross section. this particular instance, compression wood tracheids were formed the spring 


wood; rather unusual case. 100X. 
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Fig. 8.—Western white pine, Pinus monticola Doug!. Normal wood (A) and fairly mild 
compression wood (B). 100X. 


Fig. Pseudotsuga menziesii var glauca (Beissn.) Franco. Normal (A) 
nounced compression wood (B). Note rounded tracheids, spaces and gradual transi- 
tion the compression wood photomicrograph. 100X. 


Fig. 10.—Redwood, Sequoia sempervirens (D. Don) Normal wood (A) ‘and pronounced 
compression wood (B). Rounded tracheids, intercellular spaces and gradual transition the 
compression wood photomicrograph are evident. Radial checks the secondary wall can 
seen some the compression wood tracheids. 100X. 
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Engelm. End and radial surfaces showing 
compression wood zones dark areas. Ex- 
cessive longitudinal shrinkage the rather 
compression wood has caused 
splitting occur. 


wall. New electron microscopic evi- 
dence the nature spiral checks 
seen within the cell wall high 
magnification presented Figures 
and two species. The microfi- 
brils the layer are arranged 
flatter spiral compression wood 
tracheids than normal cells. Abnor- 
mal longitudinal shrinkage com- 
pression wood has been attributed 
this deviation from the Ward- 
rop and Dadswell (14) have shown 
that this flatter spiral related 
tracheid length and that the tracheids 
compression wood are substantially 
shorter than normal wood. 


Discussion 


known that compression wood 
variable its appearance, severity, 
and distribution. occurs most com- 
monly the eccentric portion 
growth rings, but can occur rings 
which show appreciable eccentric- 
ity. general rule differs enough 
from the surrounding wood stand 
out wet, freshly cut end surface. 
However, there are various degrees 
severity, and very mild compres- 
sion wood can identified only 
through careful study the minute 
anatomy with microscope. 


most specimens examined, the 
characteristics compression wood 
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appear only what recognizable 
the summerwood portion the 
growth rings. other instances, the 
complete width the ring the 
compression wood zone made 
thick-walled, rounded tracheids caus- 
ing the ring appear made 
entirely summerwood. one case, 
pine, Pinus albicaulis 
Engelm., Figure 7b, the pattern was 
reversed, with thick-walled, rounded 
tracheids appearing the beginning 
the growth ring and actually chang- 
ing over the middle some rings 
normal-appearing summerwood. 
Since the exact situation the tree 
during the period this formation 
unknown, the exact cause cannot 
determined. seems likely that the 
tree was forced out the normal 
growth pattern during the springwood 
formation and that this was relieved 


during the middle the growing 
season. 


Rows traumatic resin canals can 
seen the springwood zone two 
the woods, Douglas-fir, 
menziesii vat. glauca (Beissn.) Franco., 
Figure 19b, and whitebark pine, Fig- 
ure 22. While traumatic resin canals 
are not constant feature compres- 
sion wood, the appearance these 
canals indicates that the cambium 
might have been injured severely 
enough from deformation cause the 
development traumatic resin canals. 


gtaphs wood samples which con- 
tain compression wood. Side and cor- 
responding end grain are shown 
seven different species. Figures 
through are low-power photomicro- 
seven different species wood. Nor- 
mal and compression wood areas 
each species were selected illustrate 
the difference springwood-summer- 
wood transition between these two 
conditions. 


appears from other investigations 
well those the authors that 
compression wood occurs more com- 
monly young stems. Considerable 
amounts have been found numer- 
ous specimens second-growth east- 
ern white pine, eastern larch, eastern 
spruce, and the southern yellow pine 
species. Since much the lumber that 
will used the future will come 
from relatively young trees, the inci- 
dence compression wood lumber 
likely increase. For this reason 
important that the wood-using 
industries learn identify and 
eliminate material containing compres- 
sion wood from applications where its 
abnormal chracteristics would tend 
cause defects the finished product. 
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Fig. 18.—Eastern white pine, Pinus strobus Photomicrographs normal (A) and 


compression wood (B) magnification 15X. 


Fig. Pseudotsuga menziesii var. glauca (Beissn.) Franco. Photomicrograph 
normal (A) and compression wood (B). row traumatic resin canals present the 
springwood one growth ring compression wood. 15X. 
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Fig. 20.—Northern white-cedar, Thuja occidentalis Photomicrographs normal (A) and 


compression wood (B). There some very mild compression wood some the annual rings 
the wood. 15X. 
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Fig. 21.—Redwood, Sequoia sempervirens Fig. 22.—Whitebark pine, Pinus albicaulis 
(D. Don) Normal and compression Engelm. Normal and compression wood rings 
wood one sample. 15X. one sample. row traumatic resin 


canals are present one ring. Note the in- 
ception compression wood the spring- 
wood the upper growth ring. 15X. 


Fig. 23.—Western white pine, Pinus monticola Dougl. Photomicrographs normal (A) 
and compression wood (B). 15X. 


Fig. 24.—Pacific yew, Taxus brevifolia Nutt. Normal (A) and compression 
wood (B) photomicrographs. 15X. 


For example, one solid core door 
panel that was examined, warping pre- 


vented its proper closure and compres- 
sion wood was found near the edge 
where the greatest warping occurred. 


hoped that this article will 


bring about new awareness the 
occurrence compression wood 
softwoods and that the photographs 
will provide guide for easier iden- 
tification and study this common 


10. 


15. 


16. 


and variable defect. 
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cellulose with acetic anhydride has 
known since 1865 the ob- 
vious extension this reaction 
vood was not made until wood flour 
sawdust was acetylated Fuchs 
Horn (6), and Suida (11) 
Fuchs and Horn used acetic 
anhydride that contained 0.25 percent 
acid. Suida used acetic anhy- 
iride-pyridine mixtures acetic anhy- 
iride alone. Friese (4) 1930 used 
mixture acetic acid-acetic anhy- 
dride catalyzed sulfuric acid acet- 


ylate powdered wood room temper- 
ature. 


The first treatment whole wood 
was performed Stamm 
workers (10, 12) using pyridine 
the catalyst. More recently, Clermont 
and Bender (3) treated veneers with 
acetic anhydride after impregnation 
with urea-ammonium sulfate. The 
acetylated wood was found possess 
high degree of. dimensional stability 
and good decay resistance. 

These processes have been 
ited utility for several reasons. The use 
mineral acid acid salt catalysts 
causes hydrolysis the cellulose 
chains which results embrittlement 
the wood. When pyridine used 
the catalyst degradation does not 
occur, but the separation the pyri- 
dine from the excess acetic anhydride 
and by-product acetic acid for reuse 
very difficult. Liquid phase treatments 
require the absorption the wood 
large excess acetylating solu- 
tion. Removal this excess after acet- 
ylation serious problem. Vapor 
phase treatments not suffer from 
this disadvantage, but cannot used 
treat wood thicker than veneer. 
Since the diffusion acetic anhydride 
vapors into the wood rate controll- 
ing and varies the square the 
thickness, has not been considered 
practical treat wood greater than 
inch thickness. 
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DISTILLATION UNIT 
FOR RECOVERY 


Fig. 1.—Flow diagram for acetylation wood. 


Our experiments have culminated 
practical process for acetylating 
wood thicker than veneer. There are 
additional data the dimensional 
stability species acetylated 
wood and the resistance acetylated 
wood weathering and attack 
wood-destroying organisms. 


Description Process 


The noteworthy features the proc- 
ess are the use uncatalyzed acetic 
anhydride, thereby eliminating prob- 


Cited the end this report. 


PRODUCTS JOURNAL Available. Circle Item 36. 


lems degradation and recovery, and 
the metering the quantity an- 
hydride injected into the wood 
pressure impregnation. Metering 
accomplished dilution the acetic 
anhydride with aromatic chlori- 
nated hydrocarbon which does not 
swell the wood. large excess re- 
agent not absorbed the wood, 
its removal after reaction simplified. 


idealized the process consists 
the following operations, shown sche- 
matically Figure Partially dried 
green wood charged into pres- 
sure treating cylinder and dried 
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Previous studies from the Forest Products Laboratory 
the acetylation wood have shown high dimensional stability 
and decay resistance with loss impact strength tough- 
ness. However, the vapor phase process effective only treat- 
ing veneer. Here, the application pressure impregnation 
have been uniformly acetylated. Dimensional stability measure- 
ments were carried out species acetylated wood and 
the results, which concur with USFPL data, are explained. 


vapor drying operation (7). this 
step, solvent vapors are introduced into 
the cylinder. Some the vapors con- 
dense the surface the wood and 
supply heat vaporize the moisture. 
Condensed solvent drained from the 
cylinder. The water vapor and solvent 
vapors are conducted from the treating 
cylinder, condensed, and separated 
decantation. 


After the drying period, the length 
which will depend the original 
moisture content the wood, vac- 
uum pulled the cylinder. Uncat- 
alyzed acetic anhydride diluted with 
inert solvent which does not swell the 
wood introduced from 100° 
130° The pressure increased 
about 150 psi and maintained for 
hours while the reagent solu- 
tion kept 100° 130° 


the end the reaction period 
the treating solution drained from 
the cylinder. may reused several 
times before cleaning distilla- 
tion. The by-product acetic acid and 
excess acetic anhydride are removed 
from the wood vapor drying with 
the solvent. Distillation the con- 
densate, which contains acetic acid, 
acetic anhydride and solvent, will re- 
cover the acetic anhydride and solvent 
for recycle and supply acetic acid for 
by-product credit. After final vacuum 
the acetylated wood removed from 
the cylinder. Any residual solvent may 
evaporate. 


This idealized process scheme was 
not followed through single piece 
equipment the development 
cylinder designed for the process was 
not available and was considered de- 
sirable study each step separately. 
inches have been acetylated 
laboratory equipment available. 


The process variables are discussed 
pine wafers inch the 
fiber direction, inch wide radially, 
and inches long tangentially were 
used for the reaction studies. 
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Reaction Studies 


Effect Catalysts: Although acet- 
ylation the absence catalyst 
eliminates the problems degradation 
the wood and catalyst recovery, the 
rate reaction predictably slower. 
Figure the increase weight 
ponderosa pine resulting from acetyla- 
tion plotted against time reaction 
for one uncatalyzed and two catalyzed 
systems. Weight gain serves easy 
method estimate the extent 
reaction. 


fast reaction with the acetic acid- 
acetic anhydride-sulfuric acid mixture 
was expected from experience with its 
industrial use the production 
cellulose acetate. However, the samples 
treated did not exhibit good dimen- 
sional stability. Addition cat- 
alyst the diluted acetic anhydride 
solution also increased the rate and 
extent reaction, but the expense 
large loss the impact strength 
the wood. The uncatalyzed reaction 
the slowest, but carried out 
high enough temperature results 
satisfactory degree acetylation 
within practical period time with- 
out degrading the wood. 


Effect Temperature: Figure 
shows the effect temperature the 
acetylation ponderosa pine wafers 
with percent (volume/volume) 
soultions acetic anhydride xylene. 
100°C. the reaction probably 
too slow practical, but 125°C. 
proceeds useful rate. When the 
reaction carried out under pressure 
possible use even higher tem- 
peratures obtain faster reaction rates. 


Effect Acetic Anhydride Con- 
centration: Figure shows that re- 
ducing the acetic anhydride concen- 
tration from 100 percent percent 
xylene 125°C. has only small 
depressing effect the rate acety- 
lation measured weight gain. 


Wood: The effect the moisture 
content the wood the rate 


the early stages the bone dry samples 


reacted more slowly than those 


taining moisture, but after hours 
the difference rate was negligible 
between samples with and percent 
moisture. The rate reaction sam- 
ples with percent moisture slowed 
appreciably. 


When cellulose dry, reacts 
much more slowly many reactions 
than cellulose containing small 
amounts bound water. Apparently, 
when all moisture removed, the 
cellulose chains are brought close 
each other and strong chain-to-chain 
hydrogen bonds are established. These 
bonds require higher energy rup- 
ture before chemical reactions can 
carried out with the participating 
hydroxyl groups than the weaker 
chain-to-water bonds equilibrated 
cellulose. Less energy required 
bring about reaction the equi- 
librated cellulose the reaction rate 
faster. 


The presence the wood small 
amount moisture appears 
beneficial far the rate reac- 
tion concerned. However, this ad- 
vantage must balanced against the 
destruction acetic anhydride caused 
the water. Acetic anhydride lost 
hydrolysis would amount about 
5.7 percent the weight the wood 
for each percent moisture the 
wood. The expense involved drying 
the wood very low moisture con- 
tents must also considered. 


apparent that high moisture 
contents are undesirable not only be- 
cause the reduced rate reaction 
but also because the resultant loss 
anhydride. The reason for the 
slower reaction rate unknown. Ace- 
tic acid does not appear inhibit the 
reaction. 


Effect Acetic Acid: Stamm (10) 
specifies acetic anhydride substantially 
free from acetic acid the acetylating 
medium. found that acetic acid 
alone will degrade wood and will not 
acetylate it. Comparative studies 
125°C. with 100 percent acetic anhy- 
dride and with percent and per- 
cent (by volume) acetic anhydride 
acetic acid showed net weight gains 
hours percent with undi- 
luted anhydride, percent with 
percent anhydride and percent with 
the percent solution. 
data, would appear that the pres- 
ence acetic acid the acetylating 
medium has little effect the rate 
extent acetylation. Impact strength 
did not appear suffer either. These 
observations indicate that will 
possible reuse the acetylating solu- 
tion for successive treatments without 
concern about the build-up acetic 
acid the solution. 


AUGUST, 1961 


NET WT. GAIN DUE TO TRE ATMENT-% 


4 
a 
‘ 
Q 
4 


NET WT. GAIN DUE TO TRE ATMENT-% 


10 A-ACETIC ACID (66.5%), ACETIC ANHYDRIDE (33.2%), 
SULFURIC ACID (0.3%) AT 40°C 


25% ACETIC ANHYDRIDE XYLENE WITH 


NET WEIGHT GAIN- 


TIME IN HOURS 


Reaction With Other Anhydrides: 


The rates reaction propionic 
and butyric anhydride were also estab- 
lished. that the comparison rates 
would fair one, the reactions 
were carried out with solutions the 
same molar concentration. Since the 
percent volume/volume solution 
acetic anyhydride xylene 2.65 
molar solution, the other two anhy- 
drides were dissolved xylene 
give the same concentration. Pon- 
derosa pine wafers were treated 
125°C. for hours. apparent 
from Figure that the higher anhy- 
drides are less reactive than acetic 
anhydride. 


Metering Acetic Anhydride 
Dilution 


order acetylate relatively thick 
pieces wood within reasonable 
time necessary that the reagent 
brought contact with all the wood 
quickly possible. This best 
impregnation consisting vacuum 
period followed pressure period. 
conventional wood preserving 
practice the amount reagent in- 
jected may controlled its con- 
centration the impregnating solu- 
tion. Total retention impregnant 
depends the void volume the 
wood, which can estimated from 
the density. preferable that only 
the required amount reagent in- 


Composition Solution (parts volume) 


Fig. 2.—Effect catalyst rate acetylation ponderosa pine. 


ponderosa pine. 


Table DILUTED ACETIC ANHYDRIDE SOLUTIONS 
WHICH WILL PROVIDE SUFFICIENT INJECTED ACETIC ANHYDRIDE 
FOR 20% WEIGHT GAIN FOR WOOD VARYING DENSITY 


25 30 


jected simplify the handling the 
wood after the reaction period. 


From the properties acetylated 
wood presented later this report 
was established that weight gain 
from acetylation approximately 
percent would desirable. Calcula- 
tions were then made the compo- 
sition diluted acetic anhydride solu- 
tions which would provide sufficient 
injected acetic anhydride for per- 
cent weight gains wood varying 
density. These values are presented 
Table for wood specific gravity 
0.1 0.9. The void volume wood 
with specific gravity 0.9 such that 
undiluted acetic anhydride must 
used provide enough anhydride for 
weight gain percent. 

Several simplifying assumptions 
were used the calculations, the 
values Table are only approxi- 
mate. The density the wood sub- 
stance was taken 1.5, the swelling 
the impregnated wood the acetic 
anhydride solution was neglected, any 
change total volume dilution 
the anhydride was ignored, and the 
effect diffusion acetic anhydride 
into the wood from the treating solu- 
tion the reaction progressed was not 
considered. 


Uniformity Treatment 


Two ponderosa pine specimens 
514 inches were impreg- 
nated with undiluted acetic anhy- 


Specific Gravity Wood 
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A-25% ACETIC ANHYDRIDE XYLENE 

B-25% ACETIC ANHYDRIDE XYLENE 

100°C 


15 
TIME IN HOURS 


dride and heated 100°C., one for 
and one for hours. Wafers were 
cut from the ends and centers the 
dried blocks and dyed for minutes 
boiling 0.5 percent solution 
Calco Identification Stain No. 
(American Cyanamid Co.). When the 
dyed wafers were washed and dried, 
uneven distribution substituents 
could observed. However, the orig- 
inal end-grain transverse surfaces 
the wafers were dyed purple-yellow 
depth about 1/16 inch. This 
color would indicate higher substitu- 
tion than the remainder the wafers 
which became bright green color. 
had previously been established that 
acetylation proceeds, ponderosa 
pine treated with this stain will ex- 
hibit least four color changes. The 
wood will vary color from blue 
green tan-with-purple-summerwood 
yellow. 


substantiate the indicated even- 
ness substitution, wafers cut from 
the ends and center the blocks and 
samples the shell and core were 
analyzed for acetyl content (method 
described). The results described 
Table show obviously that the 
substituent acetyl groups were very 
evenly distributed throughout each 
specimen. 


Removal Excess Acetic Anhydride 


The removal excess acetic anhy- 
dride and by-product acetic acid after 


Table 2.—DISTRIBUTION ACETYL GROUPS ACETYLATED 
PINE BLOCKS 


Net Weight Acetyl 
Duration Reaction 100°C. Gain Sample Content 

Acetic Anhydride Diluent (hrs.) (%) Location (%) 
1 20 | che 17.8 End Wafer 19.4 
Center Wafer 19.2 
1 5 Shell 19.2 
3.2 Core 19.4 
1 0.7 Center Wafer 20.5 
1 0.33 Shell 20.1 
Core 20.3 
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Fig. 4.—Effect acetic anhydride con- 
centration rate acetylation pon- 
derosa pine. 


the acetylation step was tried sev- 
eral methods. Even though the excess 
anhydride was kept minimum 
dilution, still required about days 
for the removal the anhydride and 
derosa pine block heating 
forced convection oven 105°C. 
was feared that heating higher tem- 
peratures air would cause degrad- 
ation the wood. 

Azeotropic distillation with ligroin, 
hydrocarbon mixture boiling 
90° 120°C., removed the anhydride 
and acid more rapidly. block 
was acetylated with undiluted acetic 
anhydride. After acetylation the block 
was drained free treating liquid 
and immersed ligroin. The liquid 
was distilled rate about liter 
per hour through condenser into 
trap similar that Stark and Dean. 
The condenser was cooled with ice 
water, since more efficient separation 
the lower acid layer was obtained 
lower temperatures, particularly 
when the lower layer was rich acetic 
acid. The rate recovery became very 
small after 120 hours, but percent 
the impregnant and by-product had 
been recovered hours and 
percent hours. believed that 
adsorbed acetic acid difficult re- 
move from the wood therefore 


25% ACETIC ANHYDRIDE 


MOISTURE 


NET WEIGHT GAIN-% 


Table 3.—DIMENSIONAL STABILITY ACETYLATED WOOD 


Swelling Percent Oven-Dry Tangential Dimension 


80°F.—70% 


Species Wood 


Ponderosa pine- 

Douglas-fir 

Southern yellow 
Redwood 


predominates the later stages 
removal, 


When the distillation temperature 
was increased the substitution 
mineral spirits (b.p. 150° 160°C.) 
for ligroin the rate removal was 
greatly increased. Distillation was car- 
ried out the rate about liter per 
hour, and the distilled solvent was re- 
placed with fresh solvent. Aliquots 
from each fraction the distillate 
with measured excess 
standard NaOH and back-titrated 
with standard HCl. When the acid 
content the distillate approached 
zero, further fresh solvent was 
added and the pot was stripped until 
almost dry. The total distillation took 
about hours. 


Two blocks ponderosa pine were 
freed acetic anhydride and acetic 
acid vapor drying with xylene. One 
block had been acetylated with undi- 
luted acetic anhydride, the other with 
xylene. After acetylation the blocks 
were supported racks over liquid 
xylene 4-liter resin pots. the 
xylene was distilled the vapor passed 
over the wood, heating and azeo- 
tropically distilling mixture 
xylene, acetic anhydride, 


XYLENE 


NET WEIGHT GAIN- % 


1S 


TIME IN HOURS 


Fig. 


moisture content acetylation ponderosa 


pine 125° percent acetic anhydride xylene. 
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Untreated Acetylated 


PTA W ISO 


Liquid Water 


Reduction 
in Swelling 


Swelling 
Untreated Acetylated 


acid. Fresh xylene was added drop- 
wise, maintain constant reservoir 
The rate distillation was about 
liter per hour. 


Aliquots the were 
shaken with standard NaOH and back. 
titrated with HCl. Since was noi 
known whether the titrated materia 
was acetic anhydride acetic acid 
the results are best reported equiva 
lents. Thus yield one equivalent 
acetic anhydride grams acetic 
acid. The rate recovery shown 
Figure where the cumulative 
equivalents are plotted v.s. total vol- 
ume distilled (i.e. time). 


During the recovery, the block 
treated with undiluted acetic anhydride 
developed checks several places, 
while the second block, treated with 
percent anhydride, was undam- 
aged. Although acetylated 
bulked and stabilized the treatment 
still swollen additional ex- 
tent the excess acetic anhydride. 
When undiluted anhydride 
ent large excess its rapid removal 
during distillation the xylene set 
stresses which resulted checking. 
With only small excess anhydride 
diluted non-swelling solvent pres- 


ACETIC 


PROPIONIC 


TIME HOURS 


Fig. 6.—Reaction rates 2.65 molar anhydride xylene 125° 


with ponderosa pine. 
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Fig. 7.—Recovery acetic acid and/or 
anhydride from acetylated ponderosa pine 
with xylene vapor. 
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Fig. 8.—Relationship between net weight 


gain and acetyl content acetylated pon- 
derosa pine. 
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Fig. 9.—Swelling relationships acetylated 
ponderosa pine. 


ent the other sample the wood was 
not subjected stresses great enough 
cause checking during the removal 
the reagent and by-product. 


apparent that dilution the 
anhydride non-swelling solvent 
makes its removal from the wood 
easier and prevents degradation. The 
length time required for removal 
determined the rate diffusion 
product acetic acid from the interior 
the exterior the wood. Raising 
the boiling point the solvent used 
for distillation increases the diffusion 
rate and reduces the time required for 
removal, 


Table SEVEN SPECIES ACETYLATED WOOD 


WOOD-DESTROYING FUNGI 


Species Treatment 
Control 
Southern yellow Acetylated 
Southern yellow Control 
Control 
._... Acetylated 
Acetylated 


Relation Acetyl Content 
Weight Gain 


For most purposes the increase 
weight chemically modified wood 
may taken measure the 
amount substitution achieved, pro- 
vided some allowance made for the 
loss wood: components during the 
reaction. This allowance best estab- 
lished experiment. The relationship 
between the net weight gain during 
acetylation ponderosa pine and the 
analytically determined acetyl content 
shown Figure which includes 
the line drawn through points 
culated assuming loss weight. 
The dimension wafers represented 
were inch the fiber direction and 
inches tangentially while the im- 
pact samples were 1/, inches 
In size. 

The analyses were carried out 
modified Eberstadt method (1). 
Although not the most accurate 
available methods for determination 
acetyl content very and 
was selected because the large num- 
ber samples. Half-gram samples 
ground wood were swollen soaking 


water 50° 60°C. for min- 
utes. Ten milliliters standardized 
NaOH was added from pipette 
and the was stoppered and 
allowed stand for least days 
room temperature. The excess NaOH 
This method gives what actually 
“saponification number’’ ‘‘acid 
for the treated wood and from 
this must subtracted the normal 
“acid the untreated wood. 
The ponderosa pine used these ex- 
periments had average control value 
4.26 percent acetyl. The acetyl val- 
ues reported are corrected this man- 
ner, and represent the net increase 
acid ester groups which can react 
with sodium hydroxide. 

Since the treatment wood with 
acetic anhydride can logically ex- 
pected form acetate esters which 
would hydrolyze and consume sodium 
hydroxide, the corrected results are 
assumed represent the amount 
acetyl substitution which has taken 
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Net Weight Weight Loss Weight Loss 
Gain Due Exposed Exposed 
Treatment, Madison 617, Madison 697 
Percent Percent Percent 
27.6 0.9 
38.6 27.3 
19.6 1.6 1.4 
24.8 29.0 
19.3 1.2 0.9 
19.8 53.9 
25.1 1.6 0.9 
14.6 6.0 
25.2 1.6 2.3 
1.2 1.5 
25.7 1.5 1.3 
28.2 31.4 
19.0 4.6 0.5 
36.3 70.7 


place the wood. From Figure 
can seen that the agreement with 
weight gain good, particularly the 
larger samples which have low sur- 
face volume ratio, and therefore 
lose less extractives during the process. 


Swelling Relationships 
Acetylated Pine 


The amount bulking wood 
produced acetylation determines the 
degree reduction swelling which 
will take place moist atmospheres 
liquid water. The relationship be- 
tween swelling caused acetylation 
and reduction swelling 80°F. 
and percent relative humidity 
shown Figure The area indicated 
represents points derived from 
seven acetylation treatments involving 
different temperatures, concentrations, 
diluents, and moisture contents. The 
scatter points probably due 
differences wood density 
extractives which have some effect 
swelling 


Dimensional Stability Twelve 
Species Acetylated Wood 


Twelve species wood were ace- 
tylated the form wafers measur- 
ing inch the fiber direction, 
inches radially and inches tangen- 
tially. After treatment the wafers 
were dried oven 105°C. 
obtain oven-dry base measurements 
weight and tangential length. Weigh- 
ings were made 0.01 gram and 
measurements 0.001 inch jig 
and dial gauge. The specimens were 
then allowed equilibrate 80°F. 
and percent relative humidity and 
were finally impregnated with liquid 
water. Swelling and moisture content 
were determined under both condi- 
tions. 


Table contains the absolute swell- 
ing the untreated controls and acet- 
ylated wood high humidity and 
liquid water for the species after 
acetylation for hours 125°C. with 
undiluted acetic anhydride. This may 
considered the maximum 
tion obtainable the process under 
discussion. Also included Table 
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PONDEROSA PINE 


REDUCTION SWELLING-% 


anhydride 125° 


are the reductions swelling resulting 
from the treatment. 


Since the acetic anhydride molecule 
larger and less polar than the water 
molecule cannot reach all the pos- 
sible sites for water bonding. Thus, 
the swelling and shrinkage wood 
cannot prevented completely 
bulking reagent whose molecules are 
larger than those water. 

The relationships between degree 
acetylation and dimensional stabil- 
ity are represented Figures 10, 11, 
and 12. Figures and show the 
weight gain and reduction swelling 
high humidity function dura- 
tion treatment ten species with 
undiluted acetic anhydride 125°C. 
Figure should compared with 
Figure since represents the same 
species acetylated with percent ace- 
tic anhycride xylene. apparent 
that the dimensional stability increased 
rapidly with time treatment for all 
species both anhydride concentra- 
tions. 

believe the low weight gains 
observed with cativo, maple, redwood, 


No. of 


Species Treatment 
Southern yellow pine_- _ Acetylated 78 
Southern yellow pine_ _ Control 53 
Ponderosa pine Control 
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PONDEROSA PINE 

CATIVO 

WwW 

a 

MAPLE 

o 

= 

WJ 

REDWOOD 


TIME 


Fig. various species wood with acetic Fig. 


Table 5.—IMPACT STRENGTH ACETYLATED PINE 


Specimens Inch-Pounds Deviation 


NET WT. GAIN DUE 
a 


wu = 
=a 
° 


HRS. 


walnut and cherry result 
removal extractives the hot acetic 
anhydride. The losses from cativo and 
redwood are similar with both undi- 
luted and diluted reagents, but the 
amount removed from maple much 
less when xylene used diluent. 
the case redwood the weight 
material extracted almost equal 
the weight acetyl groups introduced. 

Figure shows the dimensional 
stability liquid water the same 
specimens described Figures and 
12. There are some variations the 
relative positions the species com- 
pared the behavior the high 
humidity atmosphere. 

The conversion cellulosic hy- 
droxyl groups less hydrophilic ace- 
tate groups reduces the amount 
water adsorbed the wood under any 
given conditions. Figure shows the 
reduction equilibrium moisture 
content for species acetylation 
progresses. 

The low viscosity the hot acetic 
anhydride solutions allows ready pene- 
tration thick pieces normally 


Impact 
Strength Standard 


Species 


43.0 +13.4 Southern yellow 

17.3 3.7 Ponderosa 


11.—Acetylation various species wood with percent 
acetic anhydride xylene 125° 


Table 6.—WET COMPRESSIVE STRENGTH ACETYLATED PINE 


Treatment Pounds per square inch 
Acetylated 1,370 
. Control 710 
Control 310 


PONDEROSA PINE 


CAT 


MAPL 


PINE 


TIME TREATMENT-HRS. 


difficult permeable species such 
Douglas-fir hickory well the 
wafers used the dimensional stabil- 
ity studies. 


Decay Resistance Acetylated 
Wood 


Standard inch southern yellow 
pine blocks were acetylated vari- 
ous weight gains percent, 
weathered for month laboratory 
weathering device, and exposed 
duplicate six species wood- 
destroying fungi for months the 
standard soil block test (2). The 
weight lost biological attack (as 
percent original) each organ- 
ism plotted against observed weight 
gain during acetylation (as percent 
original) Figure 15. the figure 
the following code used for the 
fungi: Madison 515, Coniophora pute- 
ana; Madison 534, Lentinus lepideus; 
Madison 563, Poria incrassata; Madi- 
son 617, Lenzites trabea; Madison 697, 
Polyporus versicolor; and Madison 
698, Poria monticola. 


Compressive Strength 
Proportional Limit, 


AUGUST, 
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CATIVO 
a 
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a 
( 


= 
Ww 
uw 
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2 


REDUCTION SWELLING-% 
70% R.H.) 


may concluded that percent 
weight gain sufficient protect the 
southern yellow pine from attack 
any the six test organisms used. 
shown Figures 10, 11, and 
the observed weight gain during ace- 
tylation probably related acetyl 
content only within series consist- 
ing equal sized samples one spe- 
cies. Samples the same species with 
lower surface volume ratio would 
probably slower lose extractives 
and therefore would show 
observed weight gain. 


another study 34-inch cubes were 
cut from boards seven different spe- 
cies acetylated wood and exposed 
duplicate two species fungi. 
Table shows that 
vents decay each species wood 
tested. interest that high 
weight gains from acetylation were 
obtained with the redwood and maple 
the form boards contrast 
low weight gains the form thin 
wafers. The decay resistance the un- 
treated controls redwood was 
the same magnitude that the 
acetylated samples. 


Resistance Attack Termites 


Southern yellow pine sapwood spe- 
from single parent board, acety- 
weight gatns, weathered for days 


' 70 
© 
ta 
WwW 
=r 
oad 
2 
DOUGLAS 
FIR 
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HEMLOCK 


DOUGLAS 


FIR 80 


MAHOGAN 


CHERRY 


WALNUT 


TIME TREATMENT-HRS. 


laboratory weathering device and 
sanded smooth all faces. Each 
block was then buried moist sand 
jar containing subterranean 
termites (Reticulitermes flavipes Kol- 
lar) (8). After days the blocks 
were recovered and the losses the 
volume the wood were calculated 
and plotted against the weight gained 
each group blocks during acety- 
lation. The results shown Figure 
indicate apparent threshold near 
the percent value for weight gained 
during acetylation. 

appears that the termites are able 
attack acetylated wood under lab- 
percent weight gain from acetylation. 
the higher weight gains the ter- 
mites obtain little, any, nourishment 
from the wood and expire after 
normal starvation period. the lower 
substitutions number the insects 
obtain nutrients from the breakdown 
the ingested wood their sym- 
biotic intestinal organisms 
thus able remain alive for addi- 
period. Because 
modifies the wood only the extent 
eliminating (at high substitutions) 
the production nutrients the 
symbiotic organisms within 
mite, appears reasonable expect 
the eventual failure piece ace- 
tylated wood repeatedly attacked 
different colonies sub-colonies 


Fig. various species wood with acetic 
anhydride 125° 


Fig. 13—Reduction swelling water various species 


acetylated wood. 


PONDEROSA PINE 


REOWvO0U 
CHERAY 
DOUGLAS-FIR 


TIME ACETYLATION-HRS. 


Apparently the insects begin 
attack the acetylated wood and are 
either repelled, find unpalatable 
discover that not nutritious. Just 
how much damage would result 
infinite number termites 
the treated wood remains deter- 
mined field tests now progress. 


Strength Acetylated Wood 


Blocks ponderosa pine and south- 
ern yellow pine, inches long were 
cut from nominal Alternate 
pieces were acetylated weight gains 
percent. These and the re- 
maining end-matched untreated con- 
trols were cut into impact strength 
inches. After conditioning 23°C. 
and percent relative humidity the 
specimens were broken Tinius 
Olsen plastics impact tester with 
Charpy head four-inch span. The 
results are shown Table 

evident that any changes the 
impact strength these species 
pine associated with acetylation are 
within the limits error the 
method used determine this prop- 
erty. may concluded that acety- 
lation these species this method 
does not reduce the impact strength. 

The Forest Products Laboratory data 
toughness acetylated wood (12) 
show that either unaffected 
Some increase toughness may result 
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Fig. moisture content various species acetylated 
wood and percent relative humidity. 


WEIGHT LOST THREE MONTHS EXPOSURE-% 


Fig. 15.—Resistance acetylated southern yellow pine attack 


from the increase density caused 
the treatment. 


Similar acetylated ponderosa and 
southern yellow pine blocks were cut 
for determination compressive 
strength perpendicular the grain. 
The samples were impregnated with 
water and compression was applied 
the radial surface Instron testing 
machine with cross-head speed 
0.02 inches per minute. The compres- 
sive strengths proportional limit are 
given Table Each value repre- 
sents five replicates. obvious that 
acetylation causes increase the 
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Fig. 16.—Volume acetylated southern 
yellow pine wood destroyed termite 
activity. 
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wood-destroying fungi. 


wet compressive strength these 
species pine. 


Resistance Weathering 


Sections southern yellow pine, 
ponderosa pine and Douglas-fir 
10’s were acetylated and exposed 
the weather. Qualitative observations 
indicate that the acetylated wood dis- 
torts and checks less than untreated 
wood the same species. After year 
the acetylated samples were relatively 
undamaged while untreated controls 
contained severe end surface 
checks. 

Dimensional stability measurements 
showed that the swelling the acety- 
lated wood did not increase after 
weathering. Acetyl analyses showed 
significant change acetyl substitution. 


Summary 


Wood thicker than veneer may 
acetylated within reasonable period 
time treatment with uncatalyzed 
acetic anhydride diluted with inert 
solvent which does not itself swell 
the wood. This dilution technique 
meters the amount anhydride in- 
jected into the wood pressure im- 
pregnation, and enables the excess re- 


The Authors: Goldstein manager 
the Wood Chemistry Section, Research Dept. 
Koppers Co. Jeroski and Lund 
are assistant chemist and technologist 
respectively. Nielson former chemist 
with Koppers, but now with Gulf Research 
and Development Corp., Pittsburgh, Pa. 
Weaver was formerly senior chemist with Kop- 
pers, but presently with Cone Mills Corp., 
Greensboro, 


OBSERVED WEIGHT GAIN DURING ACETYLATION-% 


agent removed without degrada- 
tion of, the wood. 


Dimensional stability measurements 
species acetylated wood indi- 
percent exposure moisture for 
all species. Acetylated pine becomes 
resistant wood-destroying fungi and 
termites weight gain about 
percent. The impact strength acety- 
lated wood has not been decreased 
the treatment, and the wet compressive 
strength has been doubled.. 
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Fig. 1.—Storage site with first load chips. The asphalt apron 
100 feet feet. 


EFFECTS STORAGE PINE 
roundwood have been established 
general, these results show 
that pine roundwood deterioration be- 
comes important from months 
and that losses become excessive after 
that period time. Roundwood stored 
under water was found give the best 
results, with practically deteriora- 
tion, rough roundwood next best, and 
peeled roundwood poorest. 


Recently, attention has been directed 
toward the effects storage wood 
chips, practice not uncommon today 
the West the South, but for 
which practically quantitative data 
have been collected. Some information 
based surveys mills practicing 
chip storage and some mills con- 
conducting limited trails, has been re- 
ported Hensel (3) the West 
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Deterioration Southern Pine 


Coast, and Holekamp (4, 
the South. While much the infor- 
lacks supporting 
data, shows trends which indicate 
stored chips deteriorate faster and 
perhaps less than stored roundwood. 


The objectives this study were 
determine the effects lengths and 
season storage specific gravity, 
moisture content, the occurrence 
stain, mold and decay, and 
yield and quality pulp southern 
pine chips. 

The work was done the St. Regis 
Paper Company chip plant Fargo, 
Georgia, from May 1959 December 
1960. May and 29, 1959, the 
summer-stored chip pile 
and sampled different intervals for 
months. The winter-stored chip pile 
was built December and 16, 
1959, and sampled different inter- 
vals for year. For direct. comparisons 


Numbers parentheses refer Literature 
Cited the end this paper. 


Reprints Available. Circle Item 37. 


DURING SUMMER AND WINTER STORAGE 


ROY MILLER 


Fig. 2.—The dumped chips were spread with tractor and piled 


the desired height. The action the tractor over the pile served 
compact the center. 


St. Regis Pulp and Paper Company 
Pensacola, Florida 


between chip storage and roundwood 
storage, study pile rough round- 
wood was built adjacent the win- 
ter chip pile and sampled different 
intervals for year. 

Results the first phase this 
study concerning the 
chips have been reported Roth- 
rock, Smith, and Lindgren (9) with 
major emphasis the effects stor- 
age yields and pulp quality. This 
report brings together the results 
both the summer storage and winter 
storage work, with major emphasis 
the effects storage specific 
gravity, moisture content, and the oc- 
currence stain, mold, and decay. 

The specific gravity losses stored 
chips found this study are compared 
with those losses found stored 
rough roundwood studies Ference 


and Gilles (2) and Lindgren (7). 


Procedure 


Establishment Test Piles: The 
St. Regis Paper Company, prepared 
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4 


Fig. 3.—Side view completed pile. 


asphalt-surfaced storage area 100 feet 
feet. (Figure 1). 


Chips used both study piles came 
from the St. Regis chip plant nearby 
and were from freshly cut longleaf 
and slash pine trees. dump 
was used convey the chips from 
the chipper the storage area, where 
tractor was used spread the 
dumped chips and build the piles 
desired height feet (Figures 
and 3). shows side view 
completed pile. Figure shows 
the general shape and dimensions 
both piles. 


the last section the pile 
undisturbed during the study, 
copper-constantan thermocouples were 
placed locations within the cross 
section the pile (Figure 6). Tem- 
peratures these locations 
corded every other day 2:00 p.m. 
Thermocouple number was placed 
next piece metal ascertain 
the temperature effect from trapped 
metal chip pile. 


Local weather data were recorded 
nearby fire tower the Georgie 
Forestry 


Sampling: Samples 
moisture content, specific gravity, and 
pulping data, were collected 
piles were built. sample 
was taken from every second truck 
load, until samples had been col- 
lected for moisture content 
cific gravity determinations. 
sentative pulping test sample was 
collected taking two shovelfuls 


The Authors: Saucier has been wood 
technologist for the Georgia Forestry Com- 
and Southeastern Forest Experiment Sta- 
tion since graduation from Louisiana State U. 
1958. Miller supervisor, Southern 
Development Group, St. Regis Paper Co. He 
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ulp and paper, including 
and research and development. 


SIDE VIEW 


END VIEW 


Fig. 4.—General dimensions chip storage piles. One pile con- 


chips from each truck load. The total 
sample for pulping tests filled six 55- 
gallon drums. 

The stored chips were sampled 
the following intervals: summer pile 
months; the winter storage pile after 

each sampling interval, the 
short slope the north the 
pile and about feet the main body 
the pile were removed with front- 
end loader expose cross section 
the pile (Figure 7). 

One-gallon samples were collected 
from locations the exposed 
cross section, shown Figure 
for specific gravity determinations and 
for identification fungi and other 
agencies deterioration. From these 
same locations, 1-quart samples 
were collected for moisture content 
determinations. Figure also shows 
the pulping test sample locations. One 
from each the six locations. After 
each sampling interval, the sloping 
end was rebuilt, and 
quent sampling undis- 
turbed cross section was exposed. 


Moisture Content 
Gravity Determinations: Moisture 
content samples were collected 
quart metal cans that could sealed 


tightly. These were weighed the 
green condition and dried constant 
weight oven 104° Mois- 
ture content expressed 
moisture based dry weight. 

Samples collected for specific grav- 
ity determination and fungus identifi- 
cation were sent the Forest 
Service, Forest Products Laboratory for 
analysis. 

preparing these samples for ship- 
ment the Laboratory, one-half 


tained 106 cords, the second pile had 117 cords. One cord, 5,000- 
pound equivalent, occupies approximately 140 cubic feet. 


each 1-gallon sample was placed im- 
mediately polyethylene bag and 
sealed. The bag was then placed 
labeled fiberboard container 
with lid. The remaining half the 
sample was air-dried before packaging 
the same manner the green half 
each sample. 

Samples arriving the Forest Prod- 
ucts Laboratory were placed cold 
storage room maintained near-freez- 
ing temperature. Evaluation samples 
usually proceeded immediately after 
arrival; few instances the evalua- 
tion was delayed short time. 

Volume determinations for calculat- 
ing specific gravity were made soak- 
ing the chips water for about 
hours the polyethylene bags 
which the chips were received. The 
chips were then placed wire basket 
having openings, submerged 
detergent discourage adherence 
surface water, and swung arms 
length discharge surface water. The 
basket and its contents then were sus- 
pended container water coun- 
terbalanced scale. Specific gravity 
was calculated the basis green 
volume and oven-dry 


Determining Causes Deteriora- 
tion Storage: Evaluation chip 
conditions after each sampling period 
was made the Forest Products Lab- 
oratory. Visual appraisals were based 
past experience detecting deteri- 
oration wood probing break- 
ing chips for evidence 
brashness, and discoloration, 
microscopic examinations. These meth- 
ods were used detect the presence 
mold, stain, decay, other organ- 
isms. Standard laboratory methods 
isolating and culturing fungi from 
wood were employed effort 
determine the organisms causing de- 
terioration. 
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TEST SAMPLE 


MOISTURE AND SPECIFIC GRAVITY SAMPLE 


THERMOCOUPLE 


SCALE IN FEET 


Fig. 5.—Cross section pile showing sample and thermocouple locations. 


Pulping Tests: Samples for pulp- 
ing tests reached truck 
within days. Immediately upon 
delivery, each drum 
tion) was mixed thoroughly and sam- 
pled for moisture determination. 


Digester charges containing cubic 
feet chips were weighed and placed 
closed containers. These chip charges 
1-foot box, compacting the chips 
bouncing the box concrete sur- 
face (simulating compaction chips 
rail car) and leveling the top sur- 
face. The weight per cubic foot 
chips thus serves approximation 
chip bulk density under conditions 
similar those which prevail during 
measurement chips received the 
pulp mill. 

Kraft white liquor 
from flake caustic and flake sodium 
Chips were charged the experimen- 


tal digester, white liquor added give 
percent active alkali based 
moisture-free wood. Dilution water 
was added give final active alkali 
concentration Na,0, in- 
cluding the moisture the chips. Di- 
rect steam was used bring the cooks 
344° minutes, and the 
cooks were held 344° for 
minutes. 


Cooks were blown full pressure 
cyclone separator and blow chest 
equipped with drainer bottom. The 
pulp was washed the blow chest 
with hot water until the effluent was 
reasonably clear. steam ejector below 
the drainer bottom was used con- 
centrate the pulp about percent 
consistency. 


The high-density pulp 
ferred sealed drum and was sam- 
pled for consistency during the trans- 
fer. The wet pulp was weighed and 
the total yield calculated its 


Table 1.—TYPE, LOCATION, AND DEGREE FUNGUS INFECTION SOUTHERN PINE 
CHIPS STORED BULK STORAGE PILES 


Summer storage—June 
through October 


Months 


Winter storage— December 
through November 


Sides pile Interior sides Center pile Interior sides Center 


storage Type of infection near surface! of pile? 


Average percent of chips infected 


1 Mold or light stain 1 8 
Dark stain 
Decay 


Mold or light stain 42 
Dark stain 1 
Decay 


3 Mold or light stain 3: 


Dark stain 
Decay 

4 Mold or light stain 14 14 
Dark stain : 67 1 
Decay 

5 Mold or light stain 21 20 
Dark stain 2 5 
Decay 40 8 


6 Mold or light stain 
Dark stain 
Decay 


Dark stain 
Decay 


12.) Mold or light stain 
Dark stain 
Decay 


‘Sample locations 1A, 1B, 2A, 2B, 1E, 1F, 2E, 2F. 


2Sample locations 3A, 3B, 3E, 3F. 
%Sample locations 1C, 1D, 2C, 2D, 3C, 4A, 4B. 


near surface! pile? 


Average percent chips infected 


80 44 
3 81 73 
4 
3 69 66 8 
7 4 
4 1 
55 46 4 
90 95 6 
6 5 
71 52 
76 12 
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weight and the consistency sample. 
The pulp was diluted and screened 
through 0.014-inch cut flat screen, 
rejects were collected and weighed, 
and the accepted pulp rethickened for 
storage sealed containers. 


Screened pulps were tested refin- 
ing Dilts laboratory beater which 
had 10.6-pound capacity. 
sentative sample was taken the start 
the beating cycle for the 50-ml. 
permanganate number test (TAPPI 
Staridard The beater roll 
was set 0.012 inch for hour and 
lowered 0.006 inch for the balance 
the test. Samples were taken 30- 
minute intervals and 97.6 g.s.m. [60 
pounds (24 36) 500} hand- 
sheets were made the Noble and 
Wood sheet machine. Five-gram 
Schopper-Riegler freeness tests were 
made each beaten sample. Hand- 
sheets were conditioned and tested for 
basis weight, tear, tensile, and burst. 

Physical tests were expressed 
points per pound basis 
weight, and the results plotted against 
beating time. From the resulting plots, 
relative values the physical tests 
were picked off and pulp quality was 
expressed plotting tear versus ten- 
sile tear versus burst. 

Twelve cooks were processed for 
each sample period, two cooks for each 
sample position the storage pile. 
Occasionally, cook was discarded be- 
cause operating difficulties sus- 
pected errors which would invalidate 
the results. 


Results and Discussion 


Temperature and Moisture Con- 
tent: Chips: Graphic 
tabular presentation temperature 
readings all thermocouple loca- 
tions would cumbersome and con- 
fusing. For this reason, temperatures 
recorded station are shown 
Figure representative tempera- 
tures the center the pile, the 
compacted area, and readings sta- 
tion representative tempera- 
tures the sides the pile the un- 
compacted area. These are plotted with 
ambient temperature over storage time. 
Station was located feet inside the 

ile from the top and station was 
located feet inside the pile from the 
side. 

the center the pile, tempera- 
tures increased rapidly during the first 
weeks, reaching maximum temper- 
ature 138° They dropped dur- 
ing the next weeks 120° F., and 
then slowly decreased 100° the 
end the 5-month storage period. 
Temperature the center the pile 
did not appear appreciably in- 
fluenced ambient temperature. 

Temperature the sides the pile 
increased rapidly the beginning 
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storage, did the center, while ambi- 
ent temperature was dropping. Tem- 
perature the sides increased 96° 
during the first days storage, 
then dropped equally fast the fol- 
lowing days response dropping 
ambient temperature. 


The sides the pile responded 
quickly changes ambient tem- 
perature during the first months, 
then dropped below ambient tempera- 
ture and remained there, showing 
little response outside temperature 
change until the last month 
age, when they both reached approxi- 
mately the same level temperature. 
The amount moisture the sides 


the pile appears have affected 
this 


Cross-sectional diagrams Figure 
show that during the first months 
storage, moisture was being driven 
off due high temperatures the 
center the pile. Chip moisture 
the sides the pile remained below 
initial content only 
slightly above during most 
period spite 12.61 inches 
rain. After months, however, tem- 
peratures the center the pile had 
dropped 110°F. and moisture con- 
tent became uniformly high through- 
out the pile, remaining approxi- 
mately 130 percent during the third 
and fourth This corresponds 
the period which temperatures 
the sides the pile remained be- 
low ambient temperature and showed 
little response its changes. the 
fifth month the sides lost moisture and 
again began responding changes 
ambient temperature. 


Moisture the middle and lower 
center the pile remained below 
initial moisture content during the 
first month, while temperatures were 
above 120°F., gradually increasing 
moisture temperatures slowly 
dropped. 


Chips: Temperatures 
recorded stations and are plotted 
with ambient temperatures Figure 
show temperature variations 
the center and slopes the pile. 
Again, temperatures the center in- 
creased rapidly during the first 
weeks, reaching maximum 142°F. 
Unlike the summer storage pile, tem- 
perature the center the pile, after 
the initial rise, was influenced am- 
bient temperature, and dropped dur- 
ing the next month 84°F., while 
ambient temperature dropped from 
78°F. 52°F. outside tempera- 
tures begain climbing, temperature 
center increased again 139°F., 
only drop sharply second time 
while ambient temperature was drop- 
ping. mid-April, after months 
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Fig. 6.—A front-end loader was used remove the slope and five feet the main body 
the pile each sampling interval. Samples were collected from the exposed cross-section 


shown Figure 


storage, temperatures the center 
the pile leveled off, ranging the 
neighborhood 100°F. during the 
summer months, and began dropping 
with ambient temperature Septem- 
ber until the end the storage period. 


Temperatures the sides the 
pile showed the same typical initial 
rise during the first weeks and then 
dropped the following month am- 
bient temperature. Throughout the re- 
mainder the storage period, tem- 
peratures the sides fluctuated with 
ambient temperature, while remaining 
slightly below ambient temperature 
peaks. 

Moisture content variations the 
winter storage pile are shown Fig- 


ure 11. Although samples were not 
collected before months, 
diagram shows the same trends 
were found the summer-stored 
chips. Moisture the interior the 
slopes and bottom center was lost 
other parts the pile 
the ground during the first 
months storage, due high tem- 
peratures the center the pile. 


the end the third month, tem- 
peratures the center had dropped 
below 100° and the moisture con- 
tent throughout the pile 
proaching uniformity. During the re- 
mainder the storage period, moist- 
ure remained uniformly high, while 
temperatures the center and slopes 


Table 2.—AVERAGE SPECIFIC GRAVITY GREEN AND AIR-DRY SAMPLES AFTER 
DIFFERENT PERIODS STORAGE 


Length Average gravity 


Type 


Season storage started storage storage 


Summer 


Winter 


Roundwood 


Grand average Average 


Green 
Months ——-———— 


-510 506 508 
-498 506 502 
-492 -501 
-484 -492 
-479 
-467 


-511 
-496 500 
500 
-485 -494 
-482 


-511 
503 
-480 -479 


Green and cumulative 
Air-dry air-dry loss 
gravity Percent 


one 


‘ | 
.18 
-490 
-472 
-495 .56 
AUGUST, 1961 


TEMPERATURE (*F) 


JUNE “AUGUST SEPTEMBER ocTOBER 


Fig. 7.—Summer storage pile. Temperature 
variations different parts the chip pile 
relation ambient temperature. 


approached each other and fluctuated 
around ambient temperature. 


Winter-Stored Roundwood: Mois- 
ture content the rough roundwood 
stored adjacent the winter-stored 
chips decreased very slowly during the 
first months storage, after which 
time more rapid 
Overall reduction moisture content 
was from percent during the 
months storage. The average mois- 
ture content after months was still 
favorable for rapid fungus develop- 
ment. 


Fungus Infection: The type, 
amount, and location fungus in- 
fection both the summer-stored and 
winter-stored chips after different pe- 
riods storage are summarized 
Table 

The first noticeable change ap- 
pearance the chips was orange 
chips the various samples. This 
called was evident after 
weeks the summer-stored chips 
and continued present through- 
out the storage period. was also evi- 
denced the winter-stored chips. 
There was apparent difference 
its occurrence relation storage 


WEEKS 
RAINFALL 2.29" 


MONTH 
RAINFALL 239" 


MONTHS 
RAINFALL 


Fig. 8.—Summer storage pile. Percent moisture, based oven dry 
weight, pine chips different locations over time storage. Sample 


locations are shown Figure 


MONTHS 
RAINFALL 5.15" 


MONTHS 
RAINFALL 3.88" 


MONTHS 
RAINFALL 4.92" 
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time location the pile. Although 
various efforts were made explain 
the stain, its cause was not definitely 
determined. From microscopical and 
other evidence appeared that fungus 
infection probably was not causal 
factor. Many the chips with orange 
stain were heartwood origin, which 
indicates that some effect heat and 
moisture the resinous 
the wood was possible contribut- 
ing factor. 


Fungus infection first appeared 
greenish-gray mold light stain 
samples from the sides the pile 
after month storage. Such infec- 
tions increased with storage time, but 
were later obscured developed 
into types infection designated 
the effect mold light stain infec- 
tion was confined largely the sur- 
face the chips. 


Dark stain was evident few 
samples from the sides both the 
summer and winter storage piles after 
months. Dark stained chips usually 
were discolored throughout, and the 
storage period lengthened, tended 
show varying amounts surface soft- 
ness and brashness the wood. The 
evidenced after months 
summer storage and after months 
winter storage increased with length 
storage and was characterized usuaily 
surface-softened and brash con- 
dition the dark-stained chips. Typi- 
cal decay caused the common wood- 
rotting fungi was not found sam- 
ples from the summer storage pile, and 
was apparent only few samples 
the winter-stored chips after 
months storage. 


The location visibly infected chips 
was -largely concentrated the un- 
compacted sides the piles. The zone 
infection extended further into the 
interior the pile with length 
storage, but even after months the 
winter-stored chips the center the 
pile were usually free only lightly 


infected with visible mold, stain de- 
cay, and showed evidence de- 
terioration such softening brash- 
ness. However, chips the compacted 
center, extending from the bottom 
close the top the pile had gen- 
eral brown discoloration that appeared 
sociated with heat bacteria. 


number fungi were associated 
with chip infection disclosed 
microscopical examination and cultur- 
ing. Along with bacteria which were 
common most chips, such organ- 
isms Ceratocystis, Trichoderma, As- 
pergillus, Cladotrichum, Gliocladium, 
Helicosporium and unidentified white 
(perhaps Sporotrichum), dark and 
yellow cultures were fairly common 
chips with mold and varying de- 
grees stain infection. Other fungi 
that were less frequent molded and 
stained chips were Acrotheca, 
Leptographium, Melanographium, Bi- 
sporomyces, Bispora 
these, the latter three fungi, along 
with Helicosporium, known 
cause soft rot wood. 


Brown-colored chips from the cen- 
ter the pile having little vis- 
ual evidence infection were not 
necessarily free organisms, since 
occasional cultures Trichoderma, 
Cladotrichum Chaetomium 
dentified white, dark and yellow 
growths were isolated from them. 


Microscopical examination wood 
with different types infection sup- 
plied additional information 
fungi that was primarily responsible 
for important chip deterioration. At- 
tack fibers occurred principally 
the secondary walls the tracheids, 
which characteristic soft-rot fungi 
(see Figure 12). Such attack was evi- 
dent chips classified having mold 
and light stain but was less pro- 
nounced than the dark-stained chips. 
Brown-colored chips from the pile in- 
terior usually showed scattered amounts 
fungus growth but soft-rot 
other evidence attack fibers. 
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Fig. storage pile. Temperature variations different parts 
chip pile relation ambient temperature. 
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Table 3.—ANALYSIS VARIANCE, SPECIFIC GRAVITY DATA 


SUMMER-STORED CHIPS 


Source D.F. S.S. 

Main plot: 

Storage time (T) 6 0.043638 

Replication (R) 0.005185 

114 0.045555 
Sub plot: 

Chip condition (C) 1 0.002118 

CxT 6 0.001355 

CzR 19 0.001452 

114 0.011351 


Total_ 279 0.110654 


‘Significant at the 1 percent level. 
“Significant at the 5 percent level. 


The principal fungus infections 
the roundwood stored conjunction 
with the winter-stored chips were sap 
stain, caused usually Ceratocystis 
species, and typical wood decay, ap- 
parently caused principally 
ophora gigantea. Sap stain was present 
less than percent the round- 
wood chip samples after months 
storage, but was recorded over 
percent the samples after months 
storage. 


Fig. cross section pine 
chip showing holes cavities the second- 
ary walls the tracheids. Secondary wall 
largely broken down tracheids bottom 
the picture. 


COMPACTED CENTER 
UNCOMPACTED SLOPES 


LOSS SPECIFIC GRAVITY 


STORAGE TIME (MONTHS) 


Fig. 12.—Summer storage. Smooth curves 
specific gravity losses parts the pile. 
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000273 0.68 N.S. 


MSS. Source 
Main plot: 
Storage time (T)- 
Replication (R) 
a 


18.18! 


000400 
Sub plot: 
21.18! Chip condition 
. 000226 2.262 
000076 0.76 N.S. CxR. 
000100 


Table 4.—ANALYSIS VARIANCE, SPECIFIC GRAVITY DATA 
WINTER-STORED CHIPS 


D.F. S.S. 
0.034298 0.005716 18.03! 
114 0.000317 
0.002134 0.002134 50.81! 
0.000339 0.000056 1.33 N.S. 
0.000921 0.000048 
114 0.004765 0.000042 
0.088110 


'Significant at the 1 percent level. 


Microscopical examinations typi- 
cal wood decay caused Peniophora 
gigantea the roundwood samples 
showed that the percentages infec- 
tion after and months stor- 
age were about 25, 75, and 
percent, respectively. 


Specific Gravity: Average specific 
gravity the green and air-dry 
sample collections made each sam- 
pling interval are shown Table 


The technique for determining 
cific gravity chips, outlined 
Procedure, proved very 
tory with respect reproducibility. 
Checks made periodically redeter- 
mining the specific gravity samples 
with seemingly high low values 
revealed differences less than per- 
cent due technique. Analyses 
variance the specific gravity data 
provided further evidence that the 
differences between replications 
either the green air-dry condition 
were real. 


The analyses variance Tables 
and show storage time and chip 
condition highly significant. The 
differences, therefore, between the 


MONTHS 
RAINFALL 5.66" 


MONTHS 
RAINFALL 5.35" 


MONTHS 
RAINFALL 9.38" 


Fig. 10.—Winter storage pile. Percent moisture, based oven dry weight, pine chips 


green and air-dry samples are real, 
and either values the average the 
two, provide measures the effects 
storage time. 


Although the analyses specific 
gravity provide confidence data pre- 
sented Table they not indi- 
cate which the two sets values, 
green dry, more nearly cor- 
rect. Assuming that there was contin- 
ued deterioration the infected green 
samples transit the Forest Prod- 
ucts Laboratory, the green values alone 
would show consistently greater losses 
than resulted from the storage periods 
indicated. the other hand, only 
the air-dry values were used, under- 
estimate, although probably small, 
would result. Air-dried wood neces- 
sarily has soaked obtain green 
volume measurements for specific grav- 
ity determinations. Soaking dried 
wood often does not return its 
exact green volume. However, was 
found this study that this difference 
was less than percent. Because the 
foregoing reasons, the average the 
green and air-dry samples was used 
the graphic presentations that follow. 


MONTHS 
RAINFALL 0.95" 


MONTHS 
RAINFALL 24.34" 


MONTHS 
RAINFALL 10.26" 


different locations over time storage. Sample locations are shown Figure 
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SPECIFIC GRAVITY (PERCENT) 


STORAGE TIME (MONTHS) 


Fig. 13.—Winter storage. Smooth curves 


specific gravity losses parts the pile. 


LOSS IN SPECIFIC GRAVITY (PERCENT } 


4 6 8 10 
STORAGE TIME (MONTHS) 


losses the 


Fig. 
total pile. Weighted the basis volume 
the study piles occupying the compacted 
center and the uncompacted slopes. 


14.—Specific gravity 


Summer-Stored Chips: Because 
the differences fungus infection 
the compacted center and uncompacted 
slopes shown Table the specific 
gravities samples from locations 
the sides the pile and from the 
center the pile were averaged sepa- 
rately. These averages, shown Fig. 
13, reveal that the rate specific grav- 
ity reduction the center the pile 
slightly exceeded that the slopes 
during the first months. Each point 
the smooth curve for the compacted 
center represents average the 
eight sampling areas green and 


Table 5.—COMPARISON SPECIFIC GRAVITY LOSSES BETWEEN 


CHIP AND ROUGH ROUNDWOOD STORAGE 
SUMMER AND WINTER 


Summer stored 


Type of storage 


Winter stored 
Type of storage 


Roundwood 


Storage time 
Months 3 4 
———— Percent 
1.3 0.4 
2.6 2-4 
§.2 4.7 6-8 
6.4 6.6 
8.4 8-10 
‘ 
11-15 


'From Figure 15. 
2From Table 2. 
%From Literature Cited (2). 
4*From Literature Cited (7). 


air-dry specific gravity determinations. 
Each point the uncompacted smooth 
curve represents sampling areas 
green and air-dry specific gravity 
determinations. 

The somewhat greater loss spe- 
cific gravity chips the center 
the pile during the first months 
coincident with high temperatures 
shown Fig. possible that 
while high temperature may have had 
sterilizing effect some organisms 
may have provided favorable con- 
ditions for others for effects not 
related organisms. After months, 
lower losses specific gravity the 
center the pile were associated with 
lowering temperature, increased 
moisture, and probably depletion 
oxygen. 

Deterioration the sides the pile 
progressed slowly during the first 
months. Examination Table shows 
was restricted the outer 
feet the sloping sides where mois- 
ture 

appears that fungi the soft-rot 
type, along with other fungi, became 
established the outer sloping sides 


Chips! 


Roundwood 

2 3 4 
Percent 
0.8 0.6 
1.6 1.2 0-1.5 
0.4 1.8 
2.8 2.5 1.5-3 
3.3 3.9 
3.9 2.6 6.2 3-5 
4.3 
4.7 
5.1 5.5 4-7 
5.5 
6.0 
6.4 6.9 11-15 


during the first months. The interior 
portion the sides this time was 
relatively low moisture content, pos- 
sibly due high temperatures the 
center the pile. temperatures 
the center dropped, the high moisture 
contents extended deeper into the sides 
the pile. The soft-rot fungi, already 
established the outer feet, also 
extended deeper into the sloping sides. 
the outer feet, chips with infec- 
tion became progressively darker the 
soft-rot fungi developed produce 
the type attack. The 
spread infection into the sloping 
sides and the continued development 
fungi the outer feet account 
for the rapid increase deterioration 
the uncompacted slopes after 
months, shown Figure 13. 


Chips: Figure 14, 
specific gravity losses are plotted over 
storage time. The relationship spe- 
cific gravity losses between the com- 
pacted center and uncompacted slopes 
seen almost identical with that 
shown for the summer-stored chips 
Figure 13. 

The explanation the effects 
temperature, moisture content, and 


Table 6.—AVERAGE PULPING DATA WITH PERCENT CONFIDENCE LIMITS 


Months in 


Summer Storage 


Permanganate 


storage Total yield Rejects wood yield number 
Percent Percent Percent (50 ml.) 
1 47.3 +0.6 1.1+0.1 46.2+0.5 21.9+0.9 
2 46.2+0.4 1.3+0.1 44.9+0.4 22.1+0.8 
3 48.1+0.5 1.4+0.2 46.7+0.5 23.1+0.8 
4 47.4+0.6 1.4+0.2 46.0+0.5 24.4+0.9 
5 47.4+0.4 1.4+0.2 46.0+0.4 21.4+1.1 
. Winter Storage 
Chips 0 45.1+0.4 1.30. 43.9+0.5 20.7 +0.4 
3 46.8 +0.6 1.30.2 45.4+0.5 26.6+0.9 
6 47.1+0.6 1.40.2 45.7 +0.6 25.4+0.9 
Roundwood 45.1+0.4 1.3+0.1 43.9+0.5 
3 47.2+0.4 1.7+0.2 45.5+0.4 27.0+0.9 
6 46.8 +=0.8 1.30.1 45.4+0.7 24.7+0.8 
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Chip bulk Chip moisture Number 


density (green basis) cooks 

Lbs. ft. Percent 

13.7 +0.2 10 
13.5+0.5 10 
13.6 +0.2 2 
13.2 +0.2 2 
13.4+0.1 11 
13.4+0.2 10 
14.5+0.1 47.2 12 
13.9+0.1 49.1 14 
13.5+0.1 49.6 12 
14.5+0.1 47.2 12 
13.9 +0.2 46.4 15 
13.6+0.4 34.9 12 
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fungus attack the rates deterio- 
ration different parts the sum- 
mer-stored chips will apply here and 
need not repeated. 


312 +15 
271+ 


One important difference between 
the winter and the summer-stored 
chips that the rate deterioration 


> 


326 +12 


295 +16 
LOSS IN SPECIFIC GRAVITY 
(PERCENT) 


309 + 2% 


273 
282 +29 
353+ 
329 +15 


« 


353 #15 
336 +44 
312 +18 
292 +15 
300 +23 


291 +28 


302 +10 


343 
381+ 
342 +18 
381+ 
346 


377 +20 


374 +16 
334 +21 


347 +19 
309 +17 
318 +23 
408 +11 
358 +22 
306 +30 
408 +11 
364+14 
319 +10 


€ 


353 +25 
326 +17 
332 +25 


512 +16 
363 +16 
435 +10 
334 +10 


386 +19 
368 +26 
341 +19 
346 +23 
386 +19 


453 +19 
417+14 
459 
373 +20 
336 +32 
459 +12 


Tensile percent 
Tear percent 


486 +24 


438 +13 
412 +22 


382 +30 
354 +18 


360 +28 


477 +14 
382 +18 
358 +15 


501 +30 
452 
423 +20 
389 +30 
362 +18 
373 
487 +19 
350 +24 
321 +26 
487 +19 
370 +27 
347 +14 


364 +18 
375 +33 
333 +25 


441 +27 
381 +26 
479 +25 
299 +24 
479 +25 
349 +27 


491 +42 
323 +14 


448 +3 
+38 
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385 +14 
357 +25 


311 +23 


444 +28 
278 


406 +30 


Table 


392 +30 
359 +21 
348 +14 
321 +26 
340 #25 
342 +38 
396 +32 
286 +20 
257 +15 
396 +32 
294 +22 
272 +16 


295 +24 
298 +39 


‘ 


327 +26 
301 +16 
292 +12 
251 +20 
235 +16 


323 +31 
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Months in 
storage 


Summer Storage 


Winter storage 
Roundwood_- 


both the sloping sides and the com- 
pacted center the winter-stored chips 
was approximately one-half that the 
summer-stored chips. This difference 
shown more clearly Figure 15, 
where specific gravity losses 
total pile, weighted the basis 
volume occupied the uncompacted 
sides and the compacted center, are 
shown over storage time. Each point 
represents the average the green 
and air-dry specific gravity determina- 
tions made each sampling interval. 
comparison the curves shows that 
summer-stored chips had lost 1.3, 2.6, 
3.9, 5.2, and 6.4 percent 
respectively. Winter-stored chips dur- 
ing equal lengths storage had lost 
0.8, 1.6, 2.2, 2.8, and 
After months storage, the winter- 
stored chips lost 6.4 percent spe- 
cific gravity, the same value shown 
for summer-stored chips after 
months. 


Because the ratio compacted cen- 
ter uncompacted slopes would 
different commercial size pile from 
that the study piles, specific gravity 
losses were computed for pile con- 
taining approximately 22,000 cords. 

pile having dimensions 250 
feet 500 feet feet high was 
computed have percent its 
volume the compacted center and 
percent the uncompacted slopes. 
weighting observed losses the 
basis volume occupied the two 
areas, predicted losses commercial 
pile were made and are shown 
Figure 16. 

comparison the smooth curves 
Figure shows estimated losses 
summer-stored chips 1.7, 2.9, 
3.9, 4.7, and 5.5 percent after 
and months respectively. Esti- 
mated losses winter-stored chips are 
1.0, 1.7, 2.2, 2.6, and 2.9 percent after 
Losses the winter-stored chips after 
months storage are 4.7 percent. 


Roundwood: Average specific grav- 
ity values green and air-dry samples 
rough roundwood stored during the 
same period that winter-stored chips 
were studied are shown Table 
The average specific gravity loss the 
roundwood samples was less than 0.5 
percent after the first months. Dur- 
ing the following months warm 


STORAGE TIME (MONTHS) 


Fig. 15.—Computed specific gravity losses 
22,000 cord pile. Weighted the basis 
volume occupying the compacted center 
and the uncompacted slopes. 


weather, losses specific gravity ap- 
proached percent per month. The 
total loss after months was about 
percent. 


While the total loss specific grav- 
ity the roundwood exceeded the 
losses chips after months, indi- 
cated losses during the first months 
were considerably less. Previous stud- 
ies rough pulpwood (2, show 
that the losses roundwood this 
study were one-half two-thirds those 
usually encountered during storage 
practice. One factor that undoubtedly 
contributed the low rate deterio- 
ration the present study was the 
unusually large size the roundwood 
bolts. Many the trees cut into round- 
wood bolts for this study were 
inches d.b.h.; average diameter 
bolts was about inches. Lindgren 
(7) has shown that deterioration 
reduced with increasing size rough 
roundwood bolts. 


comparing losses specific grav- 
ity from deterioration rough round- 
wood normal size against chips, 
losses the study piles were about 
the same slightly greater during the 
first months, after which time 
roundwood losses tended exceed 
These comparisons are 
shown Table 


Pulping Tests: Yield: Table 
shows the average percent yields based 
wood charged to’ the digester and 
related cooking data. the summer- 
stored chips, the total yield after 
months’ storage was significantly lower 
than any previous subsequent yields 
for reasons which are not apparent. 
Otherwise, the percent total yield was 
not influenced months storage. 


The yield and permanganate data 
Table under month storage 
chips and are subject 
question because faulty calibra- 
tion the digester temperature con- 
troller. Other data yields and per- 
manganate numbers for the test period 
are valid. 


There was total yield difference 
between the and months storage 
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periods, nor any difference between 
chips and roundwood. There were 
significant differences yield either 
the summer winter-stored chips with 
respect position the pile. 


Pulping Quality: Permanganate 
number tests shown Table indi- 
cate that, with exception the 
months’ sample, storage time had 
effect degree cooking the 
summer-stored chips. The initial win- 
ter storage pulp samples were cooked 
lower yield level than pulp sub- 
sequent sample periods, explained 
previously. With these exceptions, 
therefore, degree cooking was not 
important factor the pulp 
strength results. 


Table shows the average pulp 
strength data summer and winter- 
stored chips and roundwood for 
each sampling period, with percent 
confidence limits these averages. 
explained Procedure, tear versus 
tensile was used evaluate pulp qual- 
ity. Tear percent was recorded over 
the range tensile development. 


The magnitude the loss pulp 
strength more easily seen Figure 
17, where the relationship between 
tear versus tensile has been reduced 
single numerical value and desig- 
nated pulp strength factor. ac- 
complish this, the product tear 
percent and tensile percent was calcu- 
lated over the range tensile devel- 
opment from percent tensile 
with the summer storage data, and the 
range percent tensile with 
the winter storage data. The average 
these tear-tensile products good 
single number measure pulp strength 
when comparing similar pulps. 

These results show loss pulp 
strength approximately percent 
per month the summer-stored chips. 
The apparent increase between and 
manths not significant, and may 
have resulted from equipment 
breakdown which caused short de- 
lay making beater tests. This delay 
allowed degree drying. 


Pulp strength the winter-stored 
chips and roundwood decreased 4.6 
and 4.0 percent per month, respec- 
tively. The small difference between 
chips and roundwood not significant 


The pulp strength losses shown here 
are attributed wholly loss tear 
strength. Maximum development 
tensile was not reduced storage, nor 
was maximum development burst 
influenced storage. Supporting data 
for these results were reported fully 
Rothrock, Smith, and Lindgren (9) 
their report the summer-stored 
chips. Similar results were obtained 
with winter-stored chips and round- 
wood. 


PULP STRENGTH FACTOR 


MONTHS IN STORAGE 


Fig. 16.—Pulp strength factor vs. storage 
time. Puip strength factor the average 
the products tensile percent times tear per- 
cent over the range tensile development 
between percent tensile. 


Summary and Conclusions 


Temperatures the center and sides 
the piles increased rapidly during 
the first weeks storage. Tempera- 
tures the center remained relatively 
high during the storage periods, while 
temperatures the sides fluctuated 
with remained slightly below ambi- 
ent temperature after the first weeks. 
Moisture the interior slopes and 
center the pile moved the exte- 
rior the pile and, with longer stor- 
age, moisture content the chips 
tended uniformly high through- 
out the piles. 


the center the piles, where 
temperatures ranged between 140° 
and 120° during the first months, 
unidentified causes resulted slight 
loss specific gravity. After months, 
specific gravity losses practically 
stopped, and were very minor during 
the remainder the storage periods. 


the sides the piles, where 
moisture remained high the outer 
feet, soft-rot fungi became estab- 
lished during the first months 
storage. The interior sides the slopes 
were rather low moisture content 
during this period possibly due 
high temperatures the center, and 
remained relatively free soft-rot at- 
tack. After months, temperatures 
the center continued drop, moisture 
increased the interior sides and in- 
fection soft-rot fungi spread in- 
clude all the sloping sides the 
end the storage periods. 


Loss chip specific gravity varied 
with seasons. Winter-stored chips de- 
teriorated approximately one-half 
much summer-stored chips during 
equivalent periods. 


Specific gravity losses chips and 
roundwood were not compared during 
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summer storage. During winter stor- 
age, however, chips lost specific grav- 
ity faster rate than rough round- 
wood for the first thereafter, 
the trend was reversed, and round- 
wood losses exceeded those chips. 
roundwood, one factor that un- 
doubtedly contributed the low rate 
deterioration was the larger-than- 
usual average diameter the bolts. 
These findings are accord with pre- 
vious studies roundwood deteriora- 
tion. 


Organisms the soft-rot fungi 
type were found the primary 
cause deterioration wood chips. 
This contrast roundwood stor- 
age, where typical wood-rotting fungi 
cause the greatest deterioration. 


There was less percent yield 
pulp due storage either the 
chips roundwood based wood 
charged the digester. 


Pulp strength losses amounted 
approximately percent per month. 
These losses were found losses 
tear resistance. Type season 
storage had significant effect upon 
pulp strength. 


Although wood stored chip form 
faster rate than rough roundwood dur- 
ing the first months storage, 
believed that these losses are far 
outweighed obvious advantages 
mechanization with chip storage. For 
periods storage exceeding months, 
chip storage appears have definite 
advantage over roundwood storage 
rate deterioration also. 


Deterioration winter-stored chips 
was one-third one-half less than 
that summer-stored chips. 
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OOD SACCHARIFICATION HAS 

been used several countries 
during national emergencies 
duce yeast and alcohol. Today, there 
are full-scale commercial plants 
operation except the USSR. Earlier 
developments have been described 
numerous publications, and FAO 
meeting wood chemistry was held 
1953, with wood saccharification 
the main topic. summary report 
this subject, published 1956, pre- 
sented historical review and dis- 
cussion processes and future pros- 
pects. 

This summary report pointed out 
that there are many possible combina- 
tions processes and products, and 
stressed the fact that local conditions 
will have strong influence the 
planning project. The immediate 
prospect for wood saccharification was 
described not highly encouraging. 
Five years after this statement was 
written, the time was found ripe 
hold meeting the FAO Working 
Party Wood order 
review progress. This meeting took 
place Tokyo, October 1960, 
and revealed that significant develop- 
ments were underway. the tech- 
Japanese authors, reflecting the consid- 
erable research effort that has been 


Presented at the 1961 Annual Meeting of 
the Forest Products Research Society, Louis- 
ville, Ky., Session 15, Division 4 (Chemical 


Conversion), June 22, 1961. 
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TECHNICAL PANEL WOOD CHEMISTRY: 


Working Party Wood Hydrolysis 


The authors report the new chemical wood conver- 
sion industry Japan. Although dextrose production the 


primary aim, the industry characterized 
use the wood components than its predecessors. In- 
tense research done the utilization chemicals 
derived from wood. This may lead the further devel- 
opment the new industry into relatively large units pro- 
ducing variety chemical compounds and end-products 


made Japan this field during the 
last years. The papers referred 
three items the agenda: present 
status and general prospects, processes, 
and primary and secondary products. 

The papers dealing with surveys 
research and other developments dem- 
onstrated the rich variety work now 
being carried out. This work directed 
toward the utilization several the 
wood components, which necessary 
for improving the economy proj- 
ects. This trend toward fuller utili- 
zation the raw material reflected 
the use the term con- 
version this presentation 
rather than which 
more limiting. 

the discussion, emphasis was 
placed raw material for wood hy- 
drolysis. One the points made was 
the importance sustained supply 
wood. Although this may seem ob- 
vious, several earlier projects based 
residues low-grade wood have failed 
this respect. Another point was the 
considerable differences behavior 
woods toward acids, which makes nec- 
essary thorough studies with locally 
available woods for information 
process variables. 

less than four 
esses were described and discussed 
detail. Three them have been 
oped Japan. While there are great 


tion with the University 


Reprints Available. Circle Item 38. 


now mainly derived from the petrochemical industry. 


technical differences between the proc- 
esses, they also present many similari- 
ties. All the processes are equal that 
prehydrolysis used remove the 
hemicellulose fraction, and they yield 
crystallized dextrose the main prod- 
uct. Further, all operate atmospheric 
pressure and temperatures below 
100° (212° F.). The principal dif- 
ferences are the acids used and 
the acid recovery systems. 


two the processes, concen- 
trated sulfuric acid used for the 
main hydrolysis step. the Nihon— 
process, the acid 
neutralized with lime and the gypsum 
used gypsum board ‘manufacture 
and for other purposes. the Hok- 
kaido process, the acid recovered 
dialysis. 

There are two hydrochloric acid 
processes. One them the 
Udic process which percent acid 
utilized and recovered distilla- 
tion. the other one, the 
Chisso process, anhydrous hydrochloric 
acid used. 

the report the the 
four processes are compared table 
giving operating data for various in- 
dustrial projects Japan. One 
these projects now the construc- 


(1956), No. 1, pp. 7-16. 

Locke chairman and Mr. Garnum 
secretary the Working Party Wood 
Hydrolysis. 


and Harris, 
Unasylva, Vol. 


tion stage, and was reported that 
others would soon reach this stage. 
Apparently, wood sugar production 
rapidly approaching realization 
Japan. 

There are several reasons for this 
unique development have taken 
place Japan. This country depends 
imports for more than percent 
its sugar needs. Local production 
sugar therefore being encouraged 
the Government; sucrose from sugar 
beets, and dextrose from starch and 
wood. The cultivation sugar beets, 
however, requires agricultural land 
which scarce; and there already 
deficit cereals, the source starch 
for dextrose production. Low-grade 
hardwoods, however, are available 
large quantities, particularly Hok- 
kaido, the northern island. Conse- 
quently, the use these woods for 
sugar production has been given much 
attention, and wood saccharification 
considered offer possibility im- 
proving the management some 
forest area while reducing the im- 
port needs for dextrose. Research 
this end has received considerable sup- 
port from the Government, which has 
speeded developments. this connec- 
sugar production most countries 
subsidized. also interest note 
that, Japanese cost calculations for 
wood sugar, the wood has 
the same price pulpwood, United 
States’ dollars per metric ton. 

The first mills built Japan 
have capacities 120 tons per 
day terms dry wood consump- 
tion. These projects not include 
plans for the production many sec- 
ondary products, although they repre- 
sent improvements over earlier opera- 
tions using the wood components 
more fully. For the larger projects, 
with capacities about 300 tons per 
day and still only the planning 
stage, wider range products 
visualized. brief description each 
process follows. 


The Udic-Rheinau Concentrated 
Hydrochloric Acid Process 


Development the Process: The 
Udic-Rheinau process based more 
than years’ gained before 
and during the last war the produc- 
tion plants Rheinau and Regensburg, 
Germany. The latter had capacity 
30,000 metric tons coniferous wood 
per year and produced Torula yeast. 
The present process based basic 
chemical engineering investigations 
since 1950, and has advanced through 
pilot plant semi-works plant with 

capacity metric tons 
beech wood per year. has operated 
for nearly year without interruption 
and produces crystallized dextrose, xy- 
lose, and xylitol, polyalcohol solutions, 
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and various lignin products. The plant 
reported operating economi- 
cally without government subsidy. 

The features the process are: 
The raw material may both logs and 
waste wood which must chipped 
about 15-millimeter size. Both conifer- 
ous and broad-leaved species have been 
used. 

The chips are dried. 

The wood subjected prehy- 
drolysis with percent concentrated 
hydrochloric acid, and thereafter the 
main hydrolysis with percent acid 
the same digester, both about 

From the sugar solutions ob- 
tained from both prehydrolysis and hy- 
drolysis, the hydrochloric acid evap- 
orated under vacuum. 

The acid vapors are reconcen- 
trated means two rectification 
columns, working different 
sures. Stages and are combined 
single continuous unit. 

Both the prehydrolysis 
drolysis sugar solutions, after being di- 
luted with water, are post-hydrolyzed 
continuously means the remain- 
ing acid temperature somewhat 
higher than 100° 

Both solutions are filtered and 
decolorized, and all remaining traces 
acid and salts are removed de- 
ionization. 

The solutions are concentrated 
multiple-effect evaporator. 

Dextrose and, broad-leaved 
wood used, xylose are crystallized 
single step. 

The mother liquor centrifuged 
and the crystals dried. 

All mother liquors are hydro- 
special apparatus into water-clear poly- 
alcohoi solutions. 


Problems that had solved 
developing the process were the self- 
heating wood particles digesters 
large diameter and the design and 
instruction special evaporators and 
distillation columns for the hydro- 
chloric acid. All figures presented 
the meeting the FAO Working 
Party Wood Hydrolysis are based 
industrial experience the new 
Rheinau plant during the last year. 
They are minimum numbers for the 
yield and maximum numbers for the 
consumption fuel and other 
auxiliaries. This semi-works plant 
Rheinau still working under the con- 
ditions its design; that is, the usual 
improvements have not yet been made. 

Advantages the Process are: 


has been thoroughly tested 
the result the operation the Reg- 


5 Anonymous. Final Report of Second Meet- 
ing. Working Party on Wood Hydrolysis, Food 
and Agriculture Organization of the United 
Nations, Rome, Italy. 
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ensburg production plant 30,000 
metric tons, dry weight, per year and 
the new Rheinau semi-works plant built 
for the development the market for 
the new products. 

The highly reactive 
duced due the mild reaction condi- 
tions hydrolysis makes possible such 
commercial application various lig- 
nin products resin-coated foundry 
sands, plastic compounds, and humus 
fertilizers. Other promising uses are 
for rubber fillers, ion exchangers, 
glues, etc. 


The process requires chipping 

only. 
Prehydrolysis the same di- 

gester the main hydrolysis without 

any washing and drying 

tween the two steps. 
Only marketable sugars and 

water-clear, salt-free polyalcohols are 


produced. 


Hokkaido Concentrated Sulfuric 
Acid Dialysis Process 


has little value. Therefore, the Hok- 
kaido process was built 
woods the raw material. The devel- 
opment the process was sponsored 
the Hokkaido Prefectural Govern- 
ment for years, years for funda- 
mental research and years for indus- 
trial development, cost about 
$550,000 (200,000,000 yen). 

The technical characteristics the 
process are: 

means prehydrolysis. 

Cellulose hydrolyzed con- 
centrated sulfuric acid. 

The sulfuric acid separated 
from the glucose solution ex- 
change membrane and reused. 

Glucose crystallizes double 
compound combined with sodium 
chloride. When the salt removed, 
crystallized glucose obtained. 


the future, production unit uti- 
lizing 300 tons dry wood per day 
would desirable. For the time being. 
however, smaller scale plant 100 
tons day may feasible. first, lig- 
nin will utilized solid fuel, 
produce activated carbon, and for ad- 
hesives, but hydrogenation plant will 
added the future. The hemicellu- 
lose can converted furfural, xy- 
lose, yeast. 
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Nihon-Mokuzai-Kagaku Process 


The 
ess, based concentrated sulfuric acid 
and gypsum, utilizes sawdust, waste 
timber, and chemical (charcoal) wood. 
characterized low equipment 
cost and simple operations suitable 
for small-scale enterprises. has been 
metric tons dry wood substance 
per day. 

The by-products, molasses and gyp- 
sum, will used fermentation 
plant and gypsum board plant, which 
will improve the economy the enter- 
prise. Lignin used make activated 
carbon needed the process. 


Noguchi-Chisso Hydrogen Chloride 
Gas Process 


plant evaluation the Noguchi-Chisso 
hydrogen chloride gas process were 
carried out from 1953 1959 the 
Noguchi Institute and the Shin 
Nippon Chisso Hiryo Co., Ltd. (the 
New Japan Nitrogenous Fertilizer Co., 
with the Institute). 

The pilot plant had capacity 
metric ton dry wood per day and 
300 kilograms dextrose crystals. The 
construction the plant cost 74,000,- 
000 yen (about $200,000). 

The general characteristics the 
process are: Raw material saw- 
dust and logs and waste wood reduced 
sawdust size. 

The wood particles are prehydro- 
lyzed dilute acid that dissolves the 
hemicellulose part the wood. The 
cellulose and lignin 
tially unchanged and 
from the hydrolyzate, washed, and 
dried. 

The prehydrolyzed wood particles 
are treated with small amount hy- 
drochloric acid and cooled low 
temperature during the absorption 
sufficient hydrogen chloride gas. 

The material heated com- 
plete the hydrolysis the cellulose 
short time. 

Further heating higher tem- 
perature required recover the hy- 
drochloric acid and gas, which are re- 
cycled after removal the water. 

The saccharified product post- 
hydrolyzed heating with water 
the presence the remaining acid. 

The dextrose solution, separated 
from lignin after the post-hydrolysis, 
deionized and decolorized, followed 
concentration and crystallization 
dextrose. 

The prehydrolyzate solution, af- 
_ter separation acetic acid, treated 
like the dextrose solution, and crystals 
xylose are obtained. 


Problems involved developing the 
process were: cooling and heating 
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the wood particles with low heat 
conductivity, destruction sugar 
during acid recovery high tempera- 
ture, and stickiness and softness 
the intermediate reaction product. 


These problems were solved use 
fluidization, the flash recovery proc- 
ess, and the discovery antistick- 
ing agent. 

Features this process are: 

Simplicity the acid recovery. 

Reduced cost the equipment, 
method and the continuous system 
the process. 

Raw material sawdust when 
available. 

Purity the product sugar due 
the flash method. 

Ease filtration from the hy- 
drolyzate, the separation the 
lignin. 

Efficient concentration the 
sugar solution the adoption the 
continuous counter-current washing 
method. 

Solution the problem corro- 
sion hydrochloric acid 
gen chloride gas. 


Variety Products 


The production and marketing 
primary and great number pos- 
sible secondary products were the sub- 
jects many papers and most inter- 
esting discussion. Xylose from wood 
has already found market sweet- 
ening agent for diabetics, and large 
possible outlet low-calorie food. 
Another possibility the production 
furfural, which interest partic- 
ularly connection with 
fiber production. There was consider- 
able discussion high-yield furfural 
production techniques. Xylose well 
dextrose are easily hydrogenated 
xylitol and sorbitol, respectively, for 
which market prospects were analyzed 
and considered good. 


Fermentation also offers several pos- 
sibilities for the utilization sugar 
solutions apart from alcohol and yeast 
production. New work this field 
presented the meeting included 
amino acids fermentation. Alanine and 
lysine can produced high yields 
hitherto unknown bacteria. Itaconic 
acid fermentation was also described 
and the markets well the econo- 
mies production discussed. 


The use the lignin residue was 
also given considerable attention, and 
the present known applications were 
Apart from use fuel, two 
broad classes products were distin- 
guished. the first these lignin 
used high-molecular compound 
as, for example, soil conditioners, 
resins, and adhesives, and fillers 
for rubber. The other possibility 


break down the lignin relatively 
that hydrogenolysis percent 
the lignin can liquefied 
minutes. The yield p-cresol 
percent the lignin, and few 
other low molecular phenolic com- 
pounds (propylphenols and catechol) 
account for similar amount. The 
process continuous, and pilot plant 
with lignin intake ton per day 
being built. Sulfite and sulfate lig- 
nins from cellulose production can 
also used. 


For number the products that 
can obtained chemical conver- 
sion wood, new markets will have 
project. was generally agreed that 
may necessary not only carry 
out research how use such prod- 
ucts but certain cases consider 
full industrial integration end 
product. This may well apply, for ex- 
ample, the production synthetic 
fibers from furfural and p-cresol. 


Such development may not far 
away. great amount research 
devoted work this kind, and test 
calculations have been made. the 
first, relatively small Japanese mills are 
successful, some them may ex- 
panded quite soon form wholly 
new type chemical wood conversion 
industry. will great interest 
follow developments during the 
next few years. 


the meeting, was generally 
believed that chemical conversion 
wood will eventually spread also 
other countries. is, however, not 
easy predict when, where, and how 
this will happen. Such industries may 
differ considerably from the Japanese 
projects, which have been tailored 
other needs. Japan, the dextrose 
market favorable enough make 
project feasible even wood cost 


most other countries, the dex- 
trose market not favorable. For 
project feasible under 
such circumstances, other factors, such 
satisfactory prices for other end 
products lower operating costs, must 
compensate for the lower price dex- 
trose. should noted that the fur- 
ther conversion dextrose, for ex- 
ample, into sorbitol, does not represent 
such compensation. Low wood cost 
will, course, favorable element. 
several countries wood available 
—as residues roundwood—at 
rience gained Japan during the next 
few years will also contribute toward 
better economy operation, which 
will help advance the date when chem- 
ical conversion wood becomes feas- 
ible even other locations. 
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Carl Binner Morgan Com- 
pany, Oshkosh, Wis., was elected 
chairman the Preservative 
Standards Advisory Committee, the 
May meeting the committee held 
the Forest. Products Laboratory 
Madison. 


Alec Fisken has been appointed 
manager the planning and evalua- 
tion department Weyerhaeuser 
Company’s research division. Fisken 
served years Weyerhaeuser’s Long- 
view technical center various capac- 
ities, including assignments chief 
the process engineering and product 
engineering sections. 


Ward Mayer, retiring president 
the American Institute Timber Con- 
struction, was honored the mem- 
bership the 9th Annual Meeting 
Las Vegas, Nevada, recently. The 
newly elected president Han- 
isch. Mr. Mayer will continue serve 
the Institute director. 


Stanley Jepsen, Chicago, 
has been named education director for 
American Forest Products Industries, 
Washington, Mr. Jepsen, for- 
merly associate editor The Timber- 
man and The Lumberman magazines 
succeeds Mrs. Edward MacCon- 


omy, who resigned after years with 
AFPI. 


Edwin Heacox, vice president 
Weyerhaeuser 
land division, has been named the 
National Agricultural Re- 
search Advisory Committee. Appoint- 
ment Heacox 3-year term 
the committee was made Secretary 
Agriculture Orville Freeman. 


Stubbs, prominent naval 
stores operator and agricultural leader, 
received annual statewide award 
Atlanta, Ga., for his contribution 
the promotion forestry Georgia. 
The occasion was the second annual 
awards dinner sponsored the Geor- 
gia Sportsmen’s Federation 
Sears Roebuck Foundation recognize 
the state’s outstanding leaders all 
phases natural resources conserva- 
tion. 


Wallace Fons, Forest Service, 
Macon, Ga., received the Superior 
Service Award for outstanding achieve- 
ment, from the Department Agri- 
culture for “notable pioneering con- 
tributions forest fire research and 
national defense including the estab- 
lishment the thermal and blast ef- 
fects nuclear explosions forest 
and other natural 


Bernard Orell Tacoma, Wash- 
ington, has been re-elected president 
the Forest History Society. Mr. 
Orell vice president the Weyer- 
haeuser Company and lives Tacoma. 
Re-elected second term vice 
president the Society was Dr. Paul 
Giddens, president Hamline 
University St. Paul, Minnesota. Dr. 
Giddens the author Pioneer 
the Standard Oil Company Indiana. 
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Please keep items brief possible. The 
staff retains the right condense edit 
all items published free charge. Display 
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Positions Offered 


state forestry 
agency invites inquiry 
wood products-utilization specialist inter- 
ested post-retirement position. Chal- 
lenging activities all phases wood 
utilization, counsel industiy, industrial 
development assistance, and product and 
process improvement work. Moderate 
travel required; pleasant climate; ade- 
quate compensation. (July—Aug.) 


production engineer 
wanted act methods and liaison man 
within the wood-working facility. Must 
work with wood laboratory the engi- 
neering division and assignment assist 
vendors, plants under the direction the 
purchasing department. More than aver- 
age knowledge finishing processes and 
procedures with good overall working 
knowledge cabinet work and mill 
functions. Experience and some college 
training necessary for designing and pre- 
planning new products and 
Very good security benefits. Submit 
resumé. (July—Aug.) 


EMPLOYMENT OFFERED 


Chemist with experience 
particle board resins. 
Plant located West Coast. 
Send replies to: 

E-427 Employment Service 


FOREST PRODUCTS RESEARCH 
SOCIETY 


417 North Walnut Street 


Madison Wisconsin 


FOREST PRODUCTS JOURNAL 


E-426—Want aggressive man 
opment work, preferably flush door 
and plywood products, for large midwest 
Product Development Depart- 
ment. Experience and knowledge needed 
hardboard, particleboard, plastics, ad- 
hesives, finishes, etc. Ability bring 
product development projects con- 
clusion essential. Salary range 
$9,500. (July—Aug.) 


E-428—Wanted—an 
man least years age. Part-time 
travel the eastern United States. Mer- 
chandise includes flooring and other wood 
products. Send complete resume box 
number care Journal. 


Employment Wanted 


644—B.S. wood technology (U. 
Mich.) desires sales, technical sales, pro- 
motion work, public relations, manage- 
ment (in this order) marketing aspects 
forest products. 


645—Young man, years old, married, 
children, graduating from Michigan State 
with wood technology Sept. 
1961. Interested research, production, 
management, and control. Prefers Mid- 
west, South, West Coast. (July—Aug.) 


position wood products 
industry. Has M.S.F. wood technology, 
experience wood preservation, exterior 
wood coatings and wood-moisture rela- 
tions, but would accept position other 
sections wood industry. Bilingual 
(French and English). Location preferred 
the province Quebec, Canada. 


647—Forester, age 25, seeks employment. 
Has B.S. degree from Pennsylvania State 
University, M.F. from Yale University. 
Single. Prefers western United States but 
consider other locations. 
Sept.) 


technologist with B.S. and 
M.S. degrees from State University 
lege Forestry, Syracuse, desires re- 
locate East Northeast. Four years’ 
experience wood finishing, gluing, 
quality, and process conrol. Desires man- 
agement, engineering applied research 
position with progressive company. Mar- 
ried, two children, age 31. (Aug.—Sept.) 


649—Graduate University Washing- 
ton College Forestry with B.S. degree 
forestry wants sales public relations 
work, Presently Air Force and expects 
released later than October, 
1961; would available for work 
November. (Aug.—Sept.) 


650—W ants plant superintendent plant 
manager position. Fifteen years man- 
agement, age 33. (Aug.—Sept.) 
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Reader 


Many readers the FOREST PRODUCTS 
JOURNAL would like additional information 
Products the New Products Section 

New literature reviewed the New 

Literature Section 
Reprints technical articles appearing 
this issue the JOURNAL 

Each new product, new literature, techni- 
cal article carries code number. Circle the 
code number below and mail the address 
Single reprints technical articles are avail- 
able cents per page, postage paid. 
Proceedings are available $3.00 
per set five volumes, postpaid, the 
—$5.00 outside the U.S. Send only check 
money order. Special rates are available 
bulk orders. Other items are serviced free 
charge. Mail Reader Service Form to: 

Reader Service Department 

Forest Products Research Society ity 

417 North Walnut Street 

Madison Wisconsin 


SEND FREE SAMPLE COPY 
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Key woodworking profits Bradley-Southern 
Division, Potlatch Forests, Inc., Warren, Ar- 
kansas, increasing productivity per man-hour 
while continuing upgrade quality. Mattison 
No. shaping lathes make this possible— 
they center, turn, and eject finished work auto- 


matically. The operator just keeps the hoppers full. 


Besides producing much more Mattison 
automatic shaping lathes, Bradley-Southern uti- 
lizes manpower more efficiently. One man oper- 


ates two Mattisons simultaneously. 


you are interested improving your profits 
through increased productivity, ask your Matti- 
son dealer arrange demonstration the 
you. note direct for detailed information 


will receive prompt reply. 


Item 


Mattison ‘‘66’’ Automatic Shaping Lathe 
doubles productivity furniture factory 


MATTISON 


WOODWORKING MACHINERY 


“Built produce better quality” 


H 
One man operates two No. shaping 
Division, Potlatch Forests 
give unobstructed access knives fot whetting, 
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ALABAMA 
Budow Mfg. Co., Inc., Birmingham 
International Paper Co., Mobile 


ARKANSAS 
The Crossett Co., 
Dierks Forests, Inc., Hot Springs 
Poinsett Lumber Manufacturing 
Co., Trumann 
Potlatch Forests, Inc., 
Southern Div., Warren 


CALIFORNIA 

California Redwood Association, 
San Francisco 

Chapman Chemical Co., Palo Alto 

High Sierra Pine Mills, Inc., 
Oroville 

Merit Products, Inc., Los Angeles 

Scott Lumber Co., Inc., Burney 

Ralph Smith Lumber Co., 
Anderson 


ILLINOIS 
The Dean Company, Chicago 
General Electric Co., Ill. Cabinet 

Plant, Rockford 

Greenlee Bros. Co., Rockford 
Edward Hines Lumber Co., Chicago 
Masonite Corporation, Chicago 
Mattison Machine Works, Rockford 
The Sherwin-Williams Co., Chicago 


INDIANA 
National Homes Corp., Lafayette 
LOUISIANA 
Higgins Industries, Inc., New 
Orleans 


MARYLAND 
Wells Co., Salisbury 


MASSACHUSETTS 
Draper Corp., Hopedale 
Spalding Bros., Inc., 
Chicopee 


MICHIGAN 
Armstrong Machine Works, Three 
Rivers 
Baker Furniture, Holland 
The Dow Chemical Co., Midland 
Everett Piano Co., South Haven 


MINNESOTA 
Machine Co., 
Minneapolis 
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Minnesota Mining Manufacturing 
Co., Saint Paul 

Sonford Products Corp., 
Minneapolis 


MONTANA 
Intermountain Lumber Co., 
Missoula 


NEVADA 
Vaughn Millwork Co., Reno 


NEW JERSEY 
Western Electric Co., Kearny 
NEW YORK 
American Defibrator, New 
York 
Corp., Troy 
The Borden Chemical Co., New 
York 
National Starch and Chemical 
Corp., New York 
Oval Wood Dish Corp., Tupper Lake 
Pierce Stevens Chemical Corp., 
Buffalo 
United States Borax Chemical 
Corp., New York 
United States Plywood Corporation, 
Brewster 


NORTH CAROLINA 
Barrow Manufacturing Co., Ahoskie 
Reichhold Chemicals, Inc., Charlotte 


OHIO 
American Machine Foundry Co., 
Shelb 
The Baldwin Piano Co., Cincinnati 
Coe Manufacturing Co., Painesville 
Kirk Blum Manufacturing Co., 
Cincinnati 


OREGON 
Inc., Bend 
Cascades Plywood Corp., Lebanon 
Forest Fiber Products Co., Forest 
Grove 
Corp., Portland 
Mater Division, Appleton Machine 
Co., Corvallis 
Neils Lumber Co., (Division 
St. Regis Paper Co.) 
Oregon Lumber Co., Baker 
Rader Pneumatics, Inc., Portland 
Snellstrom Lumber Co., Eugene 
West Coast Lumbermen’s Assn., 
Portland 
Western Pine Assn., Portland 


PENNSYLVANIA 
Koppers Company, Inc., Pittsburgh 
Perkins Glue Co., Lansdale 
Industries, Inc., 
Kreamer 


TENNESSEE 
Bruce Co., Memphis 
Memphis Hardwood Flooring Co., 
Memphis 
Nickey Brothers, Inc., Memphis 
Carlton Smith Industries, Inc., 
Memphis 


TEXAS 
Kirby Lumber Corp., Houston 
Love Wood Products Co., Diboll 
Robertson Tank Lines, Evadale 
Southern Pine Lumber Co., Diboll 
Tri-State Machinery Co., Dallas 


VERMONT 
Beecher Falls Mfg. Corp., Beecher 
Falls 


WASHINGTON 

Co., Seattle 

Lumber Co., Omak 

Cascade Lumber Co., Yakima 

Chelan Box Mfg. Co., Chelan 

Douglas Fir Plywood Association, 
Tacoma 

International Paper Co., 
Div., Longview 

Simpson Timber Co., Seattle 

Sumner Iron Works, Everett 

Weyerhaeuser Co., Tacoma 


WISCONSIN 
Chain Belt Co., Milwaukee 
Decar Plastic Corp., Middleton 
Harnischfeger Homes, Inc., Port 
Washington 
Murray Manufacturing Co., 
Wausau 


CANADA 
British Columbia Forest Products 
Ltd., Vancouver 
British Columbia Lumber 
Manufacturers Assn., Vancouver 
Canadian Forest Products, Ltd., 
New Westminster 
Dominion Electrohome Industries, 
Ltd., Kitchener 
Knights Meaford Ltd., Meaford 
MacMillan, Bloedel Powell River 
Ltd., Nanaimo 


